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I  .  INTRODUCTION 


1.  Purpose  of  the  investigation: -  In  connection  with  the 
conflicting  values  for  the  relative  ionization  of  salts  in  mixtures, 
a  series  of  investigations  is  being  carried  out  in  this  laboratory 
with  the  object  of  studying  by  an  independent  method  the  ionic  rela- 
tionships which  exist  in  mixed  salt  solutions.      This  investigation 
is  the  fourth  of  the  series  and  is  based  upon  the  equilibrium  found 
to  exist  between  sodium  and  strontium  salts  and  the  liquid  amalgams. 
The  method  used  is  that  originally  developed  by  G.  McP.  Smith.  (1) 

2.  Principles  relating  to  the  ionization  oi  salts  in  mixtures;- 
Calculations  from  conductance  data  indicate  that  in  general  salts  of 
the  same  ionic  type  are  ionized  to  the  same  extent.   (2)      From  the 
work  of  MacGregor,  Archibald,  Mcintosh  cxA  McKay  (3)  the  conclusion 
has  been  drawn  that  the  conductance  of  a  mixture  of  salts  with  a  com- 
mon ion  corresponds  to  the  value  calculated  on  the  assumption  that 
the  degree  of  ionization  of  each  salt  in  the  mixture  is  equal  to  that 
which  it  has  when  alone  present  in  a  solution  in  which  its  positive 
or  negative  ions  have  a  concentration  equivalent  to  that  of  the  com- 
mon ion  in  the  solution.   (4)      G.  M.  J.  McKay  (5)  has  later  shown  by 
transference  experiments  on  solutions  of  KC1  and  KgSO/i  that  in  sol- 
utions 0.2009  N  with  respect  to  each  salt  the  specific  conductance 


of  the  KC1  is  2  ^  lower  and  that  of  the  K2SC>4  is  5.2  f  higher  than  the 
above  principle  would  predict.      But  nevertheless  he  notes  that  the 
measured  conductance  of  the  solution  does  not  differ  by  more  than  1  ^ 
from  that  calculated  on  the  assumption  that  the  principle  holds.  He 
therefore  concludes  that  the  principle  of  the  ionization  of  salts  in 
mixtures  is  subject  to  serious  inaccuracy  esnecially  in  the  case  of 
salts  of  two  different  types  such  as  studied.       C.  Sandonnini   (6)  has 
given  experimental  evidence  showing  that  the  measured  conductivity  of 
a  mixture  of  a  uni-valent  and  a  uni-bivalent  salt  differs  markedly 
from  the  value  obtained  by  adding  the  measured  conductivities  of  the 
individual  salts.       G.  McP.  Smith  and  T.  R.  Ball   (7)  have  shown  by  the 
method  Used  in  this  investigation  that  in  mixed  sodium  and  potassium 
chloride  and  sulphat6  solutions,   containing  the  alkali  salts  in  equi- 
valent quantities,  the  io-fraction  of  the  potassium  is  in  all  cases 
less  than  that  of  the  sodium,  although  from  the  conductivity  data  and 
the  principles  of  ionization  as  stated  above  it  should  be  greater. 

Sh6rrill  (8)  has  studied  by  conductance  methods  the  ionization 
of  salts  without  a  common  ion  in  mixtures:  he  finds  that  if  the 
concentrations  of  the  ions  of  the  salts  in  the  mixtures  are  calculatec 

according  to  the  principle  already  referred  to,- that  (A) (B)/tAxBy )  = 
2-n 

K(^i)       ,  then  the  calculated  equivalent  conductances  of  the  mixtures 
agree  with  the  observed  values  within  about  l/S  f.  at  0.2  N  and  l/4  f. 
at  0.1  N.       In  this  expression  (A)  and  (B)  are  the  ion  concentrations, 
(AxBy)  the  concentration  of  the  undi ssociated  molecules,  Si  the 
sum  of  the  equivalent  ion  concentrations  and  "n"  an  empirical  constan- 
depending  upon  the  nature  of  the  salt,  but  falling  in  all  cases 
between  1.40  and  1.55.       Sherrill  says, however,   that  the  ionization 
relations  of  the  di-ionic  and  tri-  ionic     salts    may  conceiv- 
ably   be  determined    by    a    different  principle 
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instead    of  by  the  same  principle  as  assumed,  and  that  in  this  case 
the  agreement  which  he  obtained  experimentally  might  be  due  to  a 
compensation  of  errors. 

It  should  be  noted  that  up  to  the  present  time  most  of  the  prin- 
ciples arrived  at  have  been  based  almost  exclusively  upon  conductivity 
data,  and  that  a  disagreement  exists  between  the  values  obtained  by 
the  conductivity  methods  and  by  other  methods. 


IL..  THEORETICAL. 

When  a  liquid  sodium  amalgam  is  placed  in  contact  with  a 
strontium  salt  solution,  the  sodium  owing  to  its  solution  tension, 
tends  to  pass  into  the  solution,  and  there  results  a  difference  of 
potential  between  the  amalgam  and  the  solution.      The  amalgam  becomes 

negatively  charged  and  attracts  the  positive  ions  of  the  solution, 
and,  in  case  there  are  no  impurities  present,  the  strontium  ions 
alone  are  discharged  into  the  amalgam;  and  this  action  continues 
until  the  solution  tension  of  the  strontium  in  the  amalgam  assumes 
a  value  sufficiently  great  to  prevent  the  further  entrance  of 
strontium  from  the  solution.      At  this  point  equilibrium  is  of  course 
established.      This  reaction  has  been  shown  by  G.  McP.  Smith  (Q)  to 
be  reversible,  so  that  if  a  liquid  strontium  pmalgam  is  placed  in 
contact  with  a  sodium  salt  solution  the  opposite  reaction  will  ta,ke 
place,  with  the  final  establishment  of  the  seme  equilibrium.  The 
reversible  reaction  may  be  written 
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2  NaHgn-f-    Sr  *  &  SrHgm  +  S  Ha*4-  (2  n  -  i)  Hg 
In  case  a  large  excess  of  mercury  is  present,  mercury  may  be  elimi- 
nated from  the  equation  and  the  mass  law  expression  may  he  written 
as  follows: 

(SrHgm)(Na^)2  =  Cq  (1) 
(tfaHgn)s(Sr*i  ° 

But  this  expression  is  of  no  value  unless  we  can  determine  either  the 
ion-concentration  ratio  of  the  metals  or  the  value  of  C0. 

In  a  mixed  salt  solution,  however,  the  concentration  of  the 
salts  may  readily  he  determined,  and  the  ratio    of  these  concentra- 
tions must  he  some  function  of  the  ion-concentration  ratio;  i.e., 


(Na  Salt)2  (Na*)2 


n 


(Sr  Salt)  (.Sr*i) 


(S) 


In  which  "n"  is  some  unknown  quantity,  constant  or  otherwise.  But 
if  the  salt  solution  is  made  infinitely  dilute  "n"  of  neccessity  must 
be  equal  to  unity,  since  the  salts  will  then  be  completely  ionized. 
At  infinite  dilution  then,   the  salt  concentrations  can  be  substituted 
for  the  ion  concentrations,  and  we  obtain  the  following  expression: 


(SrHgm)(Na  Salt)2 


=  Cn  (?) 


(NaHgn1(Sr  Salt)0  ° 
in  which  the  subscript  "oM  indicates  infinite  dilution  of  the  salts. 
But  at  any  other  concentration  wcM  an  expression  may  be  written 

(SrHgr)(Na  Salt)2  = 
(NaEgn)2tSr  Salt)c  c 

And,  since  the  value  of  Cc  will  approach  that  of  C0  as  the  concentra- 
tion approaches  zero,  it  follows  that  the  value  of  C0  may  be  obtained 
by  plotting  the  values  of  Cc  determined  in  the  case  of  a  fixed  salt- 
concentration  ratio  at  several  different  salt  concentrations,  against 
the  total  salt  concentrations,  and  extrapolating  the  curve  to 
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infinite  dilution. 

Now,  in  the  case  of  any  given  equilibrium  mixture,  it  follows 
from  the  preceeding  equations  that 

(SrHgm)_  =  c     (Sr")_  m 


(NaHgn)2       ~°  (Na*f 


and  that 


(SrHgm)  (Sr  Salt) 


=    C0~  : — T7H 


c  (5) 


(NaHgn)2  '        0  (Na  Salt)g 

But,  providing  a  given  total  amalgam  concentration  is  maintained, 
the  ratio  of  the  the  amalgam  concentrations  at  equilibrium  is  con- 
stant in  the  case  of  any  given  mixed  sodium  and  strontiuir  chloride 
solution.      That  is,  in  the  case  of  each  specific  equilibrium  mixture, 
the  relationship  exists,  that 

„     (Sr**)              (Sr  Salt)c 
C0   rr   =  Cr  rr  (7) 

(Na*r  (Na  Salt)" 


or 


(Sr**)  Cc(Sr  Salt)c 


(Na*)2        Co(Na  Salt)g  & 


(8) 


If  the  concentrations  be  expressed  in  terms  of  mol-f ractions 

(Sr>+)  +  (Na"*")  =  1      and     (Sr")  =  1  -  (Na*) 
Substituting  this  value  of  (Sr++)  in  equation  (8),  we  obtain 

1  -  (Fa*) 


(Na^)2 


(9) 


-1-fV1  +  4a  ,  % 

whence  (Na+)  =  t   (10) 

2a 

Cc  (Gr  Salt)0 

in  which  "a"  equals  Co  (Na  Salt)§ 

Therefore  after  having  once  determined  the  value  of  C0  it  is 
possible  to  determine  the  ion-fraction  of  the  metals  in  the  solutions 
containing  the  salts  at  a  fixed  mol -fraction  ratio  and  also  in 
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mixtures  in  which  the  salts  are  present  in  different  mol -fraction 
ratios,  for  according  to  the  mass  law  the  same  value  of  Cc  will  also 
hold  in  the  latter  case. 

In  the  case  of  the  system  sodium-potassium,  with  the  use  of 
solutions  of  fixed  composition  and  concentration,  G-.  McP.  Smith  and 
T.  R.  Ball  (7)  have  found  that  changes  in  the  concentration  of  the 
amalgam  lead  to  changes  in  the  value  of  Cc.       Now  if  in  the  mass  lew 
expression 

(PrKgm)(Ua  Salt)^ 
(NaHgn)2(Sr  Salt)c 

the  concentrations  of  the  salts  are  kept  constant  and  the  value  of 
Cc  is  found  to  change  with  changing  total   amalgam  concentration,  then 
it  follows  of  neccessity  that  the  ratios  of  the  amalgam  concentra- 
tions must  also  change  in  proportion.       From  this  the  conclusion  may 
be  drawn  that  the  relative  tendency  of  each  metal  to  react  is  not 
proportional  to  its  relative  total  concentration  in  the  amalgam. 
Since  the  reacting  tendency  or  solution  tension  of  the  amalgam  is 
dependent  upon  its  degree  of  dissociation  into  mercury  and  other  free 
metallic  atoms,  and/ since  we  are  now  in  a  position  to  determine  the 
relative  tendencies  of  the  two  metals  to  react,  it  should  therefore 
be  possible  to  determine  in  a  relative  manner  the  effect  of  concen- 
tration changes  upon  the  degree  of  dissociation  of  either  amalgam. 
In  any  liquid  amalgam  the  following  ecuilibrium  exists, 
MeHgx^=*Me  +  x^S  UD 
and  the  equilibrium  expression  may  be  represented  by 

(Me)(Hg)x    =  (12) 
(MeHgx) 


But  since  the  solvent  in  which  this  equilibrium  exists  is  mercury, 

and  since  in  the  case  of  the  amalgams  under  consideration  the  degrees 

of  dissociation  are  undoubtedly  very  small,  the  concentration  of  the 

mercury  in  th6  above  expression  may  be  neglected,  and  it  then  becomes 

(Me)  f  . 

(MeHgx)  ~  "  (13) 

Upon  analysis  of  the  equilibrium  amalgam,  the  total  equivalents, "y" , 

of  Me  may  be  determined,  and  we  have 

Me  +-  MeHgx  =  y  ( 14  ) 

By  substituting  the  value  of  MeHgx  from  equation  (14)  into  equation 

(13)  it  becomes 

Mea 


-  K 


(15) 


yi  -  Mei 

at  a  given  concentration,  1;  at  a  secondconcentration,  2,  it  becomes 

M6o 

 zr  =  K 

y2  -  kes 

and  at  a  concentration  "n"  it  becomes 

Me, 


11      =  K  (IT) 


yn  -  Men 

Equating  these  expressions  one  to  the  other  and  solving  for  Ke^,  we 
obtain 

Me-,  =  Jj  Uep  =        Me3  =  £i  Men  3) 

or,  if  the  degree  of  dissociation  in  the  amalgam  at  concentration  1 
be  considered  as  unity,  then  at  any  concentration  "n", 

From  this  equation,  with  the  use  of  the  analytical  data  obtained  in 
equilibrium  experiments  carried  out  nrith  mixed  solutions  of  fixed 
composition  and  concentration,  but  with  liquid  amalgams  of  varying 


a 

total  concentration,  it  is  possible  to  calculate  the  proportional 
number  of  free  atoms,  existing,   at  equilibrium,  in  the  amalgams. 


III.  MATERIALS,  APPARATUS  AND  METHOD     OF  EXPERIMENTATION. 

1.  Materials:-      The  decomposi ticn  of  the  amalgam  by  the  water 
of  the  salt  solution  is  catalyzed  by  dust  particles  on  the  surface  of 
the  mercury  or  by  heavy  metals  contaminating  the  solution  or  the 
amalgam.      The  catalytic  action  of  heavy  metals  is  especially  pro- 
nounced.      Toward  the  latter  part  of  the  investigation  it  was  neccese 
ary    to  prepare  a  fresh  quantity  of  strontium  chloride  and  this  was 
purified  from  a  fresh  supply  of  the  commercial  salt  by  exactly  the 
same  procedure  as  that  presently  to  be  described.      Upon  using  this 
purified  salt  there  was  a  vigorous  evolution  of  hydrogen,  and  in  some 
cases  the  amalgams  were  entirely  decomposed  in  a  very  short  time. 
0th6r  new  materials  such  as  water  and  mercury  were  then  repurified, 
and  still  the  action  was  the  same.       It  was  therefore  evident  that 
some  material  not  removed  by  recrystallization  wio  present  in  the 
strontium  cEiloride,  and  for  that  reason  a  fresh  Quantity  of  the  salt 
was  prepared  from  high  grade  strontium  carbonate  and  hydrochloric 
acid.      After  purification  in  the  same  way,  by  crystallization,  the 
action  of  this  salt  was  entirely  normal.      When  dust  particles  con- 
taminate the  solution  or  the  amalgam  the  action  is  quite  different; 
it  is  then  localized  on  the  surface  of  the  amalgam  and  may  be  stopped 
by  removing  the  spot  from  which  the  action  comes,  or  in  many  cases 
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the  action  will  spontaneously  cease,  owing  to  the  removal  of  the  dust 
particle  from  the  surface  of  the  amalgam  by  the  gas  evolved.  The 
apparent  ease  with  which  the  decomposition  of  the  amalgam  is  catalyze( 
makes  it  neccessary  to  use  only  the  purest  of  materials. 

(a)  Water:-        The  distilled  water  of  the  laboratory  was  suc- 
cessively distilled  from  alkaline  potassium  permanganate  and  dilute 

ulphuric  acid  as  described  by  G.  McP.  Smith  and  T.  R.  Ball.  (7) 

(b)  Sodium  Chloride:-      The  commercial  salt  was  twice  precip-i- 
i tatedAgasecus  hydrogen  chloride,  each  time  filtered,  and  the  last 
traces  of  mother  liquor  thrown  out  with  a  high  speed  electric  centri- 
fuge.      It  was  finally  dried  on  an  electric  hot-plate  until  the  odor 
of  HC1  comld  no  longer  be  detected.      Just  before  using  it  was  heat- 
ed in  the  electric  muffle  for  one  hour  at  750°  to  800°. 

(c)  Strontium  Chloride:-      A  good  grade  of  commercial  salt  was 

first  recrystallized  from  hot  water  containing  hydrochloric  acid. 

was 

The  mother  liquor Aremoved  as  far  as  possible,  first  by  filtration  on 
the  suction  pump,  and.  later  by  means  of  the  centrifuge.       A  second, 
crystallization  was  made  from  pure  7/ater  and  the  mother  liouor  re- 
moved as  before;  after  this  the  crystalls  were  dried  for  several  days 
over  calcium  chloride,  and  the  hydrated  salt  finally  placed  in 
tightly  stoppered  bottles. 

fa)  Mercury:-        Commercial  mercury  was  filtered  through  a  pin- 

*.  -i     -ojii  i_  i         -x-L-  •  ,  .  r,         di  chroma  tie , 

hoie  filter,   shaken  with  successive  portions  of  potassiums-sulphuric 

acid  solution,  washed,  passed  through  a  column  of  mercurous  nitrate 

in  dilute  nitric  acid,  again  washed,  dried,  and  finally  distilled, 

all  as  described  by  G.  McP.  Smith  and  T.  R.  Ball.  (7) 

(e)  Amalgams:-      The  amalgams  were  prepared  by  electrolysis  as 

described  by  G .  McP.  Smith  and  H.  C.  Bennett.    (10)      The  liquid 

stock  amalgams  were  not  made  to  conform  to  any  ^articular  concentra- 
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tion,  but  in  most  cases  they  were  made  rather  concentrated;  in  all 
cases  they  were  analyzed  and  diluted  with  mercury  before  using. 

(f)  Asbestos:-        A  very  good  grade  of  commercial  asbestos  was 
boiled  for  several  hours  with  concentrated  hydrochloric  acid,  after 
which  the  acid  was  filtered  off  and  the  asbestos  treated  a  second  tim 
with  a  fresh  portion  of  acid.      The  asbestos  was  then  thoroughly 
washed,  mixed  into  a  soup  with  dilute  nitric  acid  and  preserved  in  a 
glass  stoppered  bottle. 

( g V  Apparatus:-        A  description  of  the  apparatus  ueed  in  this 
investigation  will  be  found  in  the  paper,  already  referred  to, by 
G.  McP.  Smith  and  T.  R.  Ball;   (7)  no  changes  were  found  to  be  nec- 
cessary,  and  therefore  it  will  suffice  to  refer  the  reader  to  the 
original  description. 

(5)  Method  of  experimantation : -     (a)  Solutions:-  Separate 
solutions  of  sodium  chloride  and  strontium  chloride     were  made  up 
with  concentrations  equal  to  the  total  concentration  desired  for  the 
mixed  salt  solution.      Then  by  mixing  the  two  solutions  in  the  proper 
volume  proportions,  it  was  possible  to  prepare  solutions  having  the 
same  total  concentration  and  any  salt-concentration  ratio  desired. 

For  the  sodium  chloride  solution,  the  dried  salt  was  weighed 
out  in  the  calculated  quantity,  dissolved  in  water,  transferred 
quantitatively  to  a  volumetric  flask,  and  diluted  to  the  mark  at  25°. 

For  the  strontium  chloride  solution,  a  quantity  of  the  hydrated 
salt  was  weighed  out  such  as  would  give  a  solution  slightly  more  con- 
centrated than  that  desired.       This  amount  was  then  dissolved  in 
water,  diluted  to  a  convenient  volume,  and  the  normality  determined 
by  the  Volhard  volumetric  method  for  chlorine.    (11)      This  solution 
was  then  accurately  diluted  to  the  required  normality. 

(b)  Equilibrium:-      As  it  was  desired  in  each  run  to  start  with 


11 

amalgams  having  as  nearly  as  possible  the  same  equivalent  concentra- 
tion, the  analyzed  stock  amalgams  were  in  each  run  diluted  with 
mercury  to  the  concentration  desired.       The  mercury  for  dilution  was 
weighed  out  on  a  small  trip  balance  with  an  accuracy  of  0.1  -  0.2 
gram,  and  then  placed  in  the  reaction  flask.      Fifty  cubic  centi- 
meters of  the  mixed  salt  solution  were  next  added,  and  the  whole 
balanced  on  the  trip  balance.      A  sufficient  Quantity  of  the  stock 
amalgam  was  then  added  to  give  altogether  about  4.7  milli-equi- 
valents  of  the  amalgamated  metal.       The  flask  was  then  placed  in  the 
thermostat.       After  shaking  for  fifteen  minutes  the  solution  was  de- 
canted from  the  amalgam,  a  fresh  portion  of  the  solution  added,  the 
flask  again  placed  in  the  thermostat  and  shaken  for  fifteen  minutes. 
When  dilute  solutions  were  used  the  amalgams  were  treated  in  the 
above  manner  with  six  successive  portions  of  the  solution,  whereas 
for  th6  more  concentrated  solutions  not  so  many  renewals  were  re- 
quired to  produce  the  required  equilibrium.      After  decanting  the 
last  portion  of  the  solution,  the  amalgams  were  washed  and  decomposed 
according  to  the  procedure  of  G.  McP.   Smith  and  T.  R.  Ball.  (7) 
Each  run  was  made  with  six  separate  reaction  mixtures. 

(c)  Treatment  of  the  decomposition  products:-      The  hydrochloric 
acid  solution  containing  the  sodium  and  strontium  chlorides  was 
quantitatively  withdrawn  from  the  mercury  in  the  decomposition  fla.sk, 
evaporated  to  dryness  on  the  steam  bath  to  remove  the  excess  of  acid, 
and  then  analyzed  for  strontium  and  sodium.       The  mercury  itself  was 
dried  and  acigurately  weighed  to  0.1  to  0.2  gram. 

(d)  Determination  of  sodium  and  strontium:-      Several  methods 
were  tried  for  the  determination  of  the  sodium  and  strontium  in  the 
solution.       It  was  found  almost  impossible  to  accurately  weigh  the 
mixed  chlorides  because  of  the  hygroscopic  nature  of  the  anhydrous 
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strontium  chloride.      This  fact  made  it  neccessary  to  weigh  each  of  I 
the  two  metals  in  some  convenient  form.      The  regular  method  of  firft 
precipitating  the  strontium  as  carbonate  with  subsequent  precipita- 
tion as  sulphate  was  excluded  because  of  errors  likely  to  be  intro- 
duced in  driving  off  the  ammonium  salts  previous  to  the  determinatior. 
of  the  sodium.      The  method  finally  arrived  at  was  as  follows:  The 
acid  free  mixed-chloride  residue  was  dissolved  in  about  fifty  cubic 
centimeters  of  water,  dilute  sulphuric  was  added  in  slight-  excess 
and  then  a  quantity  of  alchohol  equal  to  the  volume  of  the  solution. 
(12)      This  solution  was  allowed  to  stand  for  eone  time,  usually 
over  night.      At  the  end  of  this  time  it  was  filtered  through  a 
Gooch  filter,  washed  thoroughly  with  fifty  percent  alchohol  con- 
taining a  small  amount  of  sulphuric  acid,  and  finally  with  pure 
alchohol.      The  crucible  containing  the  strontium  sulphate  was  then 
dried  in  the  electric  oven  and  finally  ignited  in  the  electric 
muffle.      For  the  ignition,  the  crucible  was  placed  in  the  cold  fur- 
nace, and  the  current  turned  on  and  allowed  to  run  for  one  hour;  at 
the  end  of  this  time  the  temperature  was  about  750°.      The  Gooch 
filter  used  had  previously  been  dried  and  ignited  under  the  same  con- 
ditions . 

The  filtrate  from  the  strontium  sulphate  was  evaporated  to  a 
small  volume,  transferred  to  a  weighed  platinuir  dish,  and  evaporated 
to  dryness.      The  sodium  sulphate  residue  was  very  carefully  heated 
until  fumes  of  sulphur  trioxidewere  no  longer  given  off,  and  then 
fused. 

To  show  the  constancy  in  weight  of  the  Gooch  filters,  six  were 
prepared  and  ignited  as  above.      After  being  weighed  they  were  wash- 
ed, dried  and  re-ignited.      The  difference  in  the  weirht  was  not 
greater  than  0.5  milli -grams  in  but  one  case,  in  which  it  was  1.0 
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mi Hi -gram.      In  the  average  determination  of  Cc»  this  greatest 
difference  would  cause  an  error  of  less  than  one  percent. 


IV„  EXPERIMENTAL  DATA. 

The  following  tables  contain  the  data  that  have  "been  obtained 
in  this  investigation.      The  figures  in  the  first  column  in  each 
table  refer  to  the  number  of  the  experiment;  the  second  column 
indicates  the  amalgam  used  at  the  start;  the  third,  fourth  and  fifth 
columns  contain  data,  in  grams,  obtained  in  the  analysis  of  the  equi 
librium  amalgam;  column  six  shows  the  concentration  of  the  amalgam, 
at  equilibrium,  in  total  milli-equivalents  of  amalgamated  metals  per 
10  grams  of  mercury,   -  as  calculated  from  the  data  in  columns  three, 
four  and  five;  columns  seven  and  eight  give  the  atomic  fractions  of 
the  metals  in  the  equilibrium  amalgam,  as  calculated  .from  columns 
three  and  four;  column  nine  contains  the  value  of  the  mass  law  ex-  - 
pression 

(SrHgm)(NaCl)§ 
  =  cc 

(NaHgn)'i(SrCl2)c 

in  which  (NaHgn)  and  (SrHgm)  are  the  atomic  fractions  of  the  amal- 
gamated metals  from  columns  seven  and  eight,  and  (NaCl)  and  (SrClp) 
the  respective  mol -fractions  in  the  salt  solution. 

(1)  Effect  of  varying  the  concentration  of  the  liquid  amalgam; 
In  the  case  of  the  sodium-potassium  equilibrium  G.  McP.  Smith  and 


Table  I 
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Showing  the  effect  of  varying  the  concentration  o^  the  liquid  amalgam 


Total  Concentration  0.2  N.      NaCl:   l/2  SrClg  Temperature  25°. 




Amalg.  Cone  J 

Atomic 

f ract- 

Po 

Cor.  to 

^mal . 

Eq'm  amalgam  gave 

in  mil 11- 

tions  of  amal 

-  °c 

milli- 

at 

on  analys] 

LS  . 

eouive.  per 

gamated  metal 

eouive  per 

No 

Btart 

Na^SO^ 

SrS0v 

Hg 

10  gms.  Hg. 

Na 

Sr 

10 

gms  Hg. 

A 

=  1.369 

1 

Sr 

.0695 

.2808 

28  .98 

1.399 

.  3436 

.6564 

7.41 

7 . 25 

2 

Sr 

.0702 

.  3129 

29  . 16 

1.499 

.  3687 

.6313 

6.1° 

c     o  o 

O  .69 

3 

Sr 

.0506 

.  2043 

20  . 56 

1.426 

.  3907 

.  6093 

5.32 

C       T  T 

5 . 11 

4 

Na 

.0593 

.2197 

24  .84 

1.296 

A  T  T  T 

.4111 

.  58Q9 

4.54 

4  .80 

5 

Na 

.0700 

.  2515 

29  . 23 

1.277 

A  O  T  /** 

.40 16 

C  O  O  A 

.  5984 

4.95 

5  •  0 1 

6 

Na 

.0616 

1  O  ~l  O 

.  19  18 

o  o    c  o 

26 . 59 

1.116 

>1  c  o  c 

.4525 

C  A  c 

.  5475 

3.57 

4  .  oo 

7 

Sr 

.0674 

T  O  *7 

.  3383 

nn     c  o 

27 . 58 

1.715 

.  3347 

f>  r~>  r~  <~7 

.6653 

7.92 

a  7C 
D  .  o<c 

8 

Sr 

o  /**  c  a 

.0656 

.  3058 

o  CI     O  o 

-do  «  o<2 

1.585 

.  3569 

.  6431 

6.73 

C  OQ 

o . 

9 

Sr 

/-N  OO 

7AOO 

.  3082 

25 . 50 

1 .663 

"7  >1  C  O 

.  3458 

o  c  >i  o 

.6542 

5.80 

/I  7Q 

L  lC- 

Na 

.0617 

.  20  15 

28  .79 

1.062 

A  A  T  T 

.  4431 

.  5569 

3.78 

yl       Q  T 

4  .  o  r 

11 

Na 

.0537 

n  o  o  ry 

.  1827 

O  C      £2  /? 

25 . 66 

1.070 

.4317 

.  5683 

4.06 

0  •  rj 

12 

Sr 

.0583 

.2976 

OCf     O  O 

27  .00 

1.504 

.3363 

.6637 

7.84 

7.14 

13 

Sr 

.0521 

.2538 

24.50 

1.427 

.  3469 

.6531 

7.25 

6  .  96 

14 

J  a 

.0543 

.2508 

27 .00 

1.294 

.  3591 

.  6409 

6.64 

7.03 

15 

Na 

.0523 

.  2470 

26  .00 

1.314 

.  3540 

O  /I  /**  o 

.  6460 

6.89 

7  .  1H 

16 

Na 

.0522 

.  2268 

Ok'**         O  O 

36  .00 

1 .232 

.  3737 

AOA7 

.6263 

5.9° 

D  .  OO 

17 

Sr 

.0527 

o  o  o  n? 

.  2623 

23  .50 

1.557 

.  3367 

A  A  7  7 

.  6633 

7.82 

o  o 
o  .  ^8 

18 

Sr 

.0524 

.  2480 

0>7       O  O 

23 .00 

1.496 

.3534 

.  6466 

6.92 

6.33 

19 

Sr 

.0575 

.2735 

25.00 

1.515 

.3523 

.6477 

6.97 

o  .  30 

20 

Na 

.0568 

.2563 

28  .00 

1.283 

.  3643 

.  6357 

6.40 

C       A  O 

5  .^2 

21 

Na 

.  0  4  40 

.  1809 

21.50 

1.204 

.3863 

a  i  7  r*f 

.6137 

5.50 

O  C 

6 . 25 

22 

Na 

.0479 

.  1943 

23  . 50 

1.183 

.  3906 

.  6^94 

5.34 

O  TO 

6 . 18 

Mean 

1.369 

6.08 

/"*       O  C 

6.05 

A 

-  0.^53 

S3 

Sr 

.0737 

.  2352 

46 . 39 

0.775 

A  A  ryry 

.4477 

.  55^3 

3.67 

<-7  cry 

3 . 57 

24 

Sr 

.0805 

.2482 

CO       T  A 

50 . 14 

0  .757 

.4561 

.5439 

3.49 

3.47 

25 

Sr 

.0727 

.2110 

50.34 

0  .659 

.4712 

.5288 

3.18 

3.63 

26 

Na 

.0761 

.2155' 

•50.12 

0  .682 

.4726 

.5274 

3.15 

3.49 

27 

Na 

.0794 

.2341 

50.60 

0.724 

.4672 

.5328 

3.33 

3.46 

28 

Na 

.0740 

.2174 

50.19 

0.678 

.4660 

.5340 

3.35 

3.72 

29 

Sr 

.0875* 

.2520 

51»70 

V0 .768  ) 

.4731 

.5269 

3.14) 

(3.08) 

30 

Sr 

.0815 

.2448 

49  ,50 

0  .772 

.4626 

.5374 

3  .35 

3.27 

31 

Sr 

.0910* 

.2695 

52  90 

• 

( 0  . 80 \  ) 

.4734 

.5266 

3  .21 ' 

(2.98) 

32 

Na 

.0849 

.2566 

54.90 

0  .727 

.4613 

.5387 

3  . 38 

3.50 

33 

Na 

.0800 

.2388 

52.00 

0  .717 

.4641 

.5559 

3 . 32 

3.49 

34 

Na 

.0652 

.  1697 

44.00 

(0 .669  ^ 

.49R6 

.5014  , 

2.71^ 

(3.05) 

1 

Lean 

©.721 

3.36 

3.51 

k 

=  0.390 

35 

Sr 

.1214 

.2520 

102.0 

0.436 

.5562 

.4438 

1.91 

1.79 

36 

Sr 

.  1242 

.2540 

102.0 

0.444 

.5605 

.4395 

1.87 

1.64 

37 

Sr 

.1190 

.2408 

102.0 

0.426 

.5573 

.4427 

1.86 

1.70 

38 

Na 

.1167 

.2115 

102.0 

0.387 

.5878 

.4122 

1.59 

1.61 

39 

Na 

.1116 

.2128 

108.0 

0.380 

.5756 

.4244 

1.71 

1.76 

40 

Na 

.1124 

.2155 

101.6 

0  .368 

.5743 

.4257 

1.74 

l.«4 

(Cont 

inued 

Dn  page 
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Tabl6 

I   { cont ) 

ID 

Amalg.  Cone, 

Atomic 

fract- 

c 

c  Cor.  to 

rtluaJ.  « 

Eqfm  amalgam  gave 

in  mllli— 

JL  A  1       111  JL  -i-  -L  JL 

tions  of  amal- 

• C 

A 

milli- 

on 

analysis 

eoui vs .  ner 

gamated 

metalf 

equivs  per 

wo 

fa  O  al  0 

Na2S0/i 

»»J  ^rl 

SrS04 

Hg. 

X\J     £,1110  .      Xl£>  . 

II  a 

Sr 

10  gms  Hg. 

^  JL 

Cv, 

.1150 

.2446 

101.0 

n  4.P4. 

.5486 

.4514 

p  nn 

1.84 

AO 

o  X 

.1170 

.2371 

101 .8 

0  417 

.5598 

.4402 

1.88 

1.76 

A^ 

DX 

.1083 

.2260 

95.5 

o  41  q 

v_/  «  *T  JL  X7 

.5536 

.4464 

1.94 

1.81 

AA 

Wo 

IN  Oi 

.0^85 

.1745 

101.5 

0  324 

•  5 Q  3  2 

.4068 

1.54 

1.85 

45 

Nh 

IN  cl 

.1079 

.1914 

102.5 

0  . 351 

.5972 

.4028 

1.51 

1.68 

46 

Na 

.1140 

.2293 

105.0 

0  .590 

.5627 

.4373 

1.85 

1.85 

Me^n 

6.  394 

1.78 

1.76 

A  =  0.225 

47 

O  X 

.1442 

.1903 

194.0 

0  217 

.  .6621 

.3379 

1.03 

1.07 

4R 

ox 

.1560 

.2160 

217.0 

0  209 

.6511 

.3489 

1.12 

1.23 

4Q 

D  X 

.1442 

.1909 

202.0 

n  pd  ^ 

.6614 

.3386 

1.04 

1.15 

No 

in  a 

.1399 

.1794 

199.5 

n  i  Q7 

U  iX<7f 

.6685 

.3~15 

.991 

1.13 

Wo 
IN  CL 

.  1352 

.1678 

199.5 

n  1 97 

.6756 

.3244 

.950 

1.14 

RP 

Mo 
IN  d 

.  1279 

.  1556 

182.5 

0   1 97 

.6663 

.3337 

1.00 

1.14 

D  X 

.1533 

.2162 

199.0 

0  PPP> 

.6478 

;3522 

1.12 

1.11 

54 

c  X 

.1644 

.2431 

£07.0 

0  240 

.6371 

.3629 

1.19 

1.11 

<J<J 

c  -v. 

o  X 

,1540 

.2187 

202.5 

0  P24 

.6455 

.3545 

1.14 

1.14 

oo 

in  cl 

.  1264 

.1432 

193.0 

0  173 

.6953 

.3047 

.842 

1.09 

Na 

IN  a. 

.1298 

.1541 

198.0 

0    1 77 

.6854 

.3146 

.895 

1.14 

5R 

IN  tt 

.1175 

.1278 

194 . 5 

0   1  57 

U  t  Xv  / 

.7149 

.2851 

.745 

1.07 

59 

O  X 

.1665 

.2486 

202.5 

0  P49 

.6339 

.3661 

1.22 

1 . 10 

fin 

D  X 

.1666 

.2553 

204.0 

0  251 

.6279 

.3721 

1.26 

1.13 

fil 

Cr. 

C  X 

.1573 

.2215 

2^6.0 

0  PP4 

.6474 

.3526 

1.12 

1.12 

u  o 

IN  CL 

.1430 

.  1870 

204.0 

0    1 Q9 

.6635 

.  .3365 

1.02 

1.15 

IN  CI* 

.1290 

.1514 

202.0 

0  173 

.6841 

.3159 

.902 

1.17 

64 

Na 

.1308 

.1613 

193.0 

0.186 

.6772 

.3228 

.941 

1.14 

Mean 

0  .205 

l.oi 

1.14 

fi5 

.1537 

.1035 

397.0 

0  Ofl"^ 

\J  .  v./  o  o 

.7936 

.2064 

.438 

.494 

Sr 

.1649 

.  1218 

392 .5 

0  093 

.7779 

.2221 

.490 

.493 

67 

.1769 

.1510 

406.0 

f  0   103  ^ 

.7519 

.2481 

(586) 

(  .529) 

68 

Na 

.1605 

.1144 

393.0 

0  0R9 

.7834 

.2166 

.472 

.495 

69 

Na 

.1557 

.1035 

396.0 

0  084 

.7957 

.2043 

.431 

.482 

70 

Na 

.1557 

.1047 

395.5 

0  .084 

.7937 

.2063 

.438 

.486 

Mean 

0.086 

.454 

.490 

A.  =  0.043 

71 

.1893 

.0866 

796.5 

0  fi45 

.8498 

.1502 

.278 

.265 

72 

Sr* 

X 

.1985 

.0926 

793.5 

0  04R 

.8473 

.1527 

.284 

.255 

73 

Sr 

KJ  X 

.1925 

.0826 

804.0 

0  045 

.8576 

.1424 

.258 

.247 

74 

Na 

.1535 

.0534 

811.0 

0  034 

.8795 

.1205 

.208 

Op.  A 
.  out 

75 

Na 

.1402 

.0489 

802.0 

0  0^1 

.8812 

.1188 

.205 

.280 

76 

Na 

.1376 

.0458 

797.5 

0  .030 

.8861 

.  X  X  .  J  r1 

.1Q4 

.274 

Mean 

0.039 

.238 

.263 

*  Sodium  Sulphate 

slightly  contaminated. 
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T.  R.  Ball  (7)  have  observed    that  changing  the  concentration  of  the 
liquid  amalgam  exerts  a  decided  effect  upon  the  value  of  Cc,  and  it 
therefore  seemed  advisable  to  first  investigate  this  effect  in  the 
case  of  the  sodiumt-strontium  equilibrium. 

The  data  for  this  study  are  given  in  Table  I.       In  this  series 
of  experiments,  with  solutions  of  a  total  normality  of  0.2,  the  con- 
centration of  the  original  amalgam  was  decreased  one-half  for  each 
successive  set  of  determinations.       It  was  noted  that  the  mean  values 
of  Cc  obtained  in  the  different  sets  decrease     in  direct  proportion 
to  the  mean  values  of  the  amalgam  concentration,  but  that  the  indi- 
vidual determinations  at  any  one  initial  concentration  of  amalgam 
do  not  check.      However,  upon  plotting  the  individual  values  of  Cc 
against  the  corresponding  amalgam  concentrations,  a  straight  line, 
shown  in  Fig.   1,  was  obtained,   showing  that  the  value  of  Cc  is  a 
linear  function  of  the  amalgam  concentration.       Since  this  is  true 
it  is  possible,  by  a  simple  proportion,  to  correct  the  individual 
values  of  Cc  to  some  definite  concentration  of  amalgam  and  obtain 
concordant  values.      Therefore  column  ten  has  been  added  to  the 
tables  and  contains  the  value  of  Cc  corrected  to  some  concentration 
"A"  in  total  milli-equivalents  per  10  grams  of  mercury. 

G.  McP.  Smith  and  T.  R.  Ball   (7)  also  found  that  when  highly 
concentrated  sodium  or  potassium  amalgams  were  used  the  values  of  Cc 
were  not  concordant.      In  this  connection  attention  should  be  called 
to  the  wide  variation  in  the  values  of  Cc  in  the  first  twenty-two 
experiments  in  Table  I,  where  very  concentrated  sodium  and  strontium 
amalgams  were  used  and  in  which  the  corrected  values  vary  from  7.25 
to  4.38;  in  the  succeeding  experiments  with  more  and  more  dilute 
amalgams,  the  values  of  Cc  are  much  more  concordant. 

Tables  II,  III  and  IV  contain  data  showing  the  effect  of 
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Table  II 


Total  Concentration  0.4  N        NaCl  :  l/2  SrClg  Temperature  25c 


1 

kmalg.  Cone. 

Atomic 

f  rac- 

Cor.  to 

Amal . 

Eq'm  amalgam  gave 

in  milli- 

tions  pf  amal- 

A 

milli- 

at 

on  analysis. 

equivs.  per 

gamated  metals 

equivs  per 

No. 

start 

Na2S04 

SrS04 

Hg. 

10  gms.  Hg. 

Na. 

Sr. 

10 

gms.Hg. 

A 

=  0.753 

1# 

Sr 

. . 1115 

.2390 

50  .3 

0.830 

.5469 

.4531 

2.03 

1 .79 

2. 

Sr 

.1115 

.2402 

50  .0 

0.837 

.5455 

.4545 

2.04 

1 .75 

3. 

Sr 

.  1115 

.2395 

49  .7 

0.843 

.5463 

.4537 

2.03 

1.77 

4. 

Na 

.  1256 

.2763 

51.0 

0.853 

.5403 

.4597 

2.10 

1.68 

5. 

Na 

.  1190 

.2525 

50  .0 

0.885 

.5496 

.4504 

1.99 

1 .65 

6. 

Na 

.  1236 

.2770 

50  .5 

0.942 

.  5359 

.4641 

2.16 

1 .68 

Mean 

0.865 

2.06 

1.72 

1 

A 

=  0.390 

7. 

Sr 

.  1471 

.  1755 

100 . 5 

0.396 

.  6845 

7  T  r  r 

.3155 

.900 

.886 

8. 

Sr 

.  1526 

.  1955 

100  .0 

0.428 

.  6688 

.  3312 

.990 

.902 

9. 

Sr 

.  1479 

.  1802 

100  .5 

0.404 

.  6776 

7  00/1 

.  3224 

.938 

.905 

10. 

Na 

,  1480 

.  1774 

101  #5 

0  .396 

•  o  8  o  o 

.  3 167 

.909 

O  O  K 
.  O  ~  «J 

11. 

Na 

.  1435 

.  1695 

100  •  5 

0.385 

.  6865 

.31-35 

.889 

.901 

12. 

Na 

.  1410 

.  1789 

98 . 2 

0.384 

.  6896 

.3104 

.872 

^  O 

Mean 

0  .399 

.916 

.896 

A 

=  0.225 

13. 

Sr 

PI  1  Q 
«  O  X  X  .  7 

1  R1  4 

.  XO  X"x 

pod  n 

0  .248 

7S1  P 

P4PP 

.589 

534 

14. 

Sr 

PI  Rl 

1  PQ^ 

.  Lrjrf  O 

PD?  1 

0.252 

74fi1 

.  f  *x  D  X 

.610 

S4R 

15. 

Sr 

PD77 

1  PD7 

1  QP  P 
X  3  0  .  o 

0.246 

74PP 

P^l  P 

•  «Cr  O  XC 

.601 

^4Q 

16. 

Na 

.  loo  f 

1  4"^P 

1 QQ  7 

Xi7  r7  «  / 

0.211 

77^1 

O  f>  />  /—\ 

i  2269 

.506 

17. 

Na 

1  PQD 

.  it  J  X 

pnn  4 

0  .206 

77^4 

i  ICDD 

.506 

RS4 

18. 

Na 

1  Q7D 
•  13  f  U 

•  Xri  X  I 

pnn  o 

0  .209 

.  f  l  OO 

.506 

•  Of  u 

Mean 

0.228 

.553 

.546 

A 

=0.0935 

19. 

Sr 

.2226 

.0980 

400.0 

0.0950 

.8546 

.1454 

.266 

.237 

20. 

Sr 

.2091 

.0872 

400.0 

(0.0937) 

.8739 

.1261 

(221) 

( 

.221) 

21. 

Sr 

.2152 

.1005 

398.0 

0.1040 

.8471 

.1529 

.285 

.257 

22. 

Na 

.1593 

.0558 

377.0 

0.0756 

.8811 

.1189 

.205 

.253 

2$. 

Na 

.1840 

.0776 

381.5 

0.0900 

.8599 

.1401 

.253 

.258 

24. 

Na 

.2065 

.0915 

393.0 

0.0995 

.8533 

.  1467 

.269 

.252 

Mean 

U  .  v  y  <io 

.  256 

.251 

Table  III 
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Tptal  Concentration  0.8  N 

NaCl   :   1/2  SrClg 

Temperature  25° 

VmoTrr         O  /-\  y-i  r\ 

Atomic 

f  rac- 

oor,  xo 

Amal . 

Eq'rn  amalgam  g 

;ave 

*i  v\     m  *i  "1  "I  n   

in  rui_Lj.x  — 

tions  of  amal 7 

M.  iniJ.il" 

ao 

on  analysis. 

"UUlVo,     P  ^ 

gamated 

metal* 

ctjuivs  per 

10 

s  tart 

in  apcu^' 

orDU  a 

Hg 

lu  gms  .  ng . 

Ma. 

Sr. 

T  P       ffmO  TTfT 

XU              •  • 

A    «    p  7t^7 

1. 

Sr 

.1520 

.1900 

50.0 

0.842 

.6741 

.3259 

.958 

.857 

2. 

Sr 

.1527 

.1910 

49.0 

0.827 

.6739 

.3261 

.959 

.828 

3. 

Sr 

Lost 

4  . 

TIT  a 

jn  a 

.1486 

.1715 

51.0 

n  777 

U  .  '  i  f 

.6914 

.3086 

PA9 

07c 

0  . 

iNa 

.1365 

.1610 ; 

47.0 

p  7P  7 

.6873 

.3127 

RPR 

•  O  O  «J 

PRD 

a 

D  . 

Ma 

in  a 

.1436 

.1685 

52.0 

( O    74P  ^ 

.6879 

.3121 

C  QPR  ) 

f    POP  ) 

Mean 

U  •  ~V  / 

A     —    jQ  7QP 

ta. 

Sr 

.1843 

.1359 

100.0 

0.408 

.7782 

.2218 

.489 

.468 

8. 

Sr 

.1935 

.  1545 

102.5 

0  .430 

.7642 

.2358 

.539 

.489 

9. 

Sr 

.1855 

.1315 

100.0 

0  .40^ 

.7848 

.2152 

.467 

.450 

n  p 
lu  • 

in  a 

.1751 

.1150 

100.0 

p  779 

.7975 

.2025 

49c 

11  • 

TvTo 
In  a 

.1700 

.1137 

100  .5 

p  7«  i 

.7945 

.2055 

47c 

•  'toy 

l<o . 

Iff 

jn  a 

.1741 

.1149 

99.7 

P  771 
U  •  O  /  X 

.7969 

.2031 

497 

•  <+Hrt 

Mean 

f\    70 1 

AAO 

A    —    P  99R 

lc>  . 

or 

.2270 

.1060 

198.4 

p   oi  q 

.8471 

.1529 

CO  K 

909 

1  A 
Xft  • 

sr 

.2315 

.1063 

200.5 

n  port 

.8492 

.1508 

97Q 

9P  R 

J-O  . 

.2292 

.1078 

200.3 

n  pen 

U  •  <i  OU 

.8461 

.1539 

9P7 

90/ 

XO  • 

Ma 

in  a 

.2247 

.1055 

200.0 

D  PD£ 

.8467 

.1533 

PQP 

1  7 

Mo 

jx  a 

,2288 

.1073 

200.0 

D  pon 

U  .  Ot/U 

.8465 

.1535 

90  c 

9Q7 

1  P 

in  a 

.2288 

.1100 

200.2 

O  PPD 

.8434 

.1566 

907 

9QQ 

T  Q 

Qr> 

.2290 

.1012 

200.0 

n  pi  ^ 

.8540 

.1460 

PfiP 

PPP 

pp 

or 

.2301 

.1003 

200  .4 

n  pi  r 

.8558 

.1442 

P74 

t>r 

.2278 

.1000 

200.3 

n  pi  r 

.8548 

.1452 

.  coo 

P7Q 

DO 

c«o  • 

in  a 

.2288 

.1057 

196.4 

n  997 

.8485 

.1515 

CO  1 

90/ 

P7 

CO  . 

Ma 

IN  8. 

PPPQ 

1  96  4 

n  997 

.8477 

.1523 

PP^ 

ope 
•  COO 

oft  • 

Ma 

in  a 

.2340 

.0994 

196.4 

( D    PP4  ^ 

1  AC\ 

^    PR7  ^ 

25. 

Sr 

.2313 

.1042 

201.0 

0.219 

.8542 

.1458 

.267 

.274 

26. 

Sr 

.2330 

.1027 

199.5 

0.221 

.8540 

.1460 

.268 

.273 

27. 

Sr 

.2263 

.1005 

200.1 

0.214 

.8535 

.1465 

.269 

.282 

pp 

GO  . 

Mo 
IN  tx 

.2342 

.1022 

200.8 

n  ppo 

.8559 

.1441 

Pfi7 

•  COO 

9£Q 
•  coy 

PQ 

Ma 

IN  CL 

.2248 

.1112 

201.5 

(p  917^ 

.8398 

.1602 

^  7D4  ^ 

V  •  9  x^: ; 

ou  • 

Ms 

.2326 

.0985 

201.0 

n  pi  7 

.8593 

.1407 

.  <c  JO 

9A7 

Mean 

n  pi 

U  •  <C  xo 

9P7 

A    — P  PQ7R 

51. 

Sr 

.2335 

.0800 

398.0 

0.1045 

.8832 

.1168 

.200 

.178 

or 

.2425 

.0810 

401.0 

U  .  1U  z7 1 

.8856 

.1144 

Ton 

.  195 

.  169 

53. 

Sr 

.2455 

.0660 

402.6 

0.1073 

.9059 

.0941 

.153 

.137 

34. 

Na 

.2316 

.0635 

401.0 

0.0985 

.9041 

.0959 

.157 

.148 

55. 

Na 

.2325 

.0610 

402.0 

0.0979 

.9079 

.0921 

.149 

.142 

56. 

Na 

.1803 

.0350 

392.7 

0.0743 

.9300 

.0700 

.108 

.136 

Mean 

f>. 0983 

.160 

.151 
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TablelV 


Total  Concentration  1.2  N.  NaOl  :  1/2  SrClg  Twmperature  25 


! 

km 

alg.  Cone. 

Atomic 

frac- 

Co 

Cor.  to 

i\XAeXJL  . 

Eq'm  amalgam  gave 

in  milli- 

tions  of  amal- 

A 

milli- 

ft  t 

on  analysis 

3  . 

squivs.  per 

gamated  metal e 

uc 

equive .per 

flUt 

n  +  oyif 
t3  \j<XL  \j 

NagS04 

SrS04 

Hg. 

10 

gms.  Hg. 

Na. 

Sr. 

10 

gms.Hg. 

A 

=  0.753 

1. 

Sr 

.1765 

.1740 

48.7 

0.899 

.7241 

.2759 

.703 

.589 

O 
<j  « 

Sr 

.1695 

.1612 

48.1 

0.861 

.7311 

.2689 

675 

.590 

3. 

Sr 

.1735 

.1700 

47.3 

0.908 

.7252 

.2748 

.698 

.579 

4. 

Na 

.1706 

.  1545 

50.3 

0.812 

.7413  j 

.2587 

629 

.583 

f5 

o  • 

n  cl 

.1710 

.1505 

50  .3 

0.805 

.7462 

.2538 

609 

.570 

g 

• 

Na 

IN  CL 

.1696 

.1560 

49.5 

0.826 

.7378 

.2622 

644 

.537 

Mean 

0.852 

1 

•  vJ  UU 

.583 

1 
I 

A 

=  0.390 

7. 

Sr 

,2190 

.1155 

100.0 

0.434 

.8306  r 

.1694 

.328 

.295 

p 

.2150 

.1195 

100.0 

0.433 

.8230  f 

.1770 

349 

.314 

9. 

Sr 

.2165 

.1140 

100.7 

0.426 

.8308 

.1692 

.328 

.300 

10 
j-v  . 

Na 

IN  CL 

.2012 

.1075 

100.3 

0.399 

.8290 

.1710 

^32 

.325 

j.  J. . 

li  CL 

.2035 

.1040 

100.7 

0  .397 

.8352 

.1648 

•  u  iu 

.310 

1  2 

IN  CL 

.2056 

.1021 

100.4 

0  .400 

.8389 

.1611 

306 

.203 

Mean 

0.415 

326 

.307 

f 

A 

=  0.225 

13. 

Sr 

.2420 

.0825 

199.4 

0  .216 

.8842 

.  1158 

.198 

.206 

or 

.2494 

.0845 

200  .3 

0  .221 

.8842 

.  1158 

201 

15. 

Sr 

.2488 

.0837 

198.7 

0  .223 

.8848 

.  1152 

.198 

9  A.  &  Z? 

16 . 

Na 

.2440 

.0823 

200  .2 

0  .216 

.8847 

.  1153 

.  198 

206 

17. 

Na 

.2540 

.0819 

200  .7 

0  .223 

.^891 

.  1109 

.188 

-  190 

18 . 

Na 

.2500 

.0825 

200  .5 

0  .215 

.8892 

.1108 

.  188 

.  196 

Mean 

0.219 

.  195 

.200 

A 

=0.0935 

19. 

Sr 

.2440 

.0755 

401.8 

0.1060 

.8932 

.1068 

.196 

.173 

20. 

Sr 

.2265* 

.0597 

398.3 

(0.0962) 

.9080 

.0920  ( 

.149) 

( 

.145) 

21. 

Sr 

.2400 

.0665 

402.0 

0 .1020 

.9032 

.0968 

.159 

.145 

oo 

in  a 

.2373 

.0536 

401.0 

0.0978 

.9221 

.0779 

TOO 

.117 

23. 

Na 

.2320 

.0435 

400.5 

0.0^33 

.9323 

.0677 

.104 

.104 

24. 

Na 

.2416 

.0415 

401.5 

0.0959 

.9376 

.0624 

.0949 

.0946 

Mean 

0.0990 

.162 

.127 

*  Sodium  Sulphate  spattered. 
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variations  in  amalgam  concentration  of  the  above  order,  but  with 
solutions  of  total  normality  of  0.4,  0.8  and  1.2  respectively.  The 
results  for  experiments  19-24  of  Table  IV  are  far  from  concordant, 
but  an  explanation  of  this  will  be  offered  later  (see  page  38). 
While  the  results  vary  widely  for  the  different  concentrations  of 
the  salt  solution,  they  are  nevertheless  for  a  given  total  salt  con- 
centration a  linear  function  of  the  amalgam  concentration,  as  is 
shown  in  Fig.  2,  in  which  the  mean  (uncorrected)  values  of  Cc  are 
plotted  against  the  mean  values  of  the  amalgam  concentration.  Since 
these  values  are  all  linear  functions  of  the  concentration  of  the 
amalgam,  it  of  course  follows  that,  at  a  given  salt  concentration 
the  values  of  Cc  can  be  corrected  to  a  definite  amalgam  concentration 
by  means  of  the  proportion  which  obtains  for  that  specific  salt  con- 
centration. 

The  neccessity  for  this  correction  arises  from  the  fact  that, 
owing  to  the  variable  evolution  of  hydrogen  by  the  amalgam,  the  con- 
centration of  the  latter  at  equilibrium  is  not  constant,  and  hence 
the  results  would  otherwise  not  be  strictly  comparable-, 

(2)  Effect  of  increasing  the  total  salt  concentration  at  a  

fixed  (equivalent)  salt-concentration  ratio,  and  at  various  fixed 
amalgam  concentrations:-      Table  V  contains  the  data  obtained  on 
increasing  the  total  salt  concentration,  in  stages,   from  0.2  N  to 
3.2  N,  the  sodium  and  strontium  chlorides  being  present  in  all  cases 
in  equivalent  quantities.      While  the  mean  values  of  Cc,  corrected 
to  0.225  milli-equivalents  per  10  grams  of  mercury,  vary  all  the 
way  from  1.14  to  0.158,  they  nevertheless  bear  a  rather  definite 
relation  to  the  total  salt  concentrations  as  may  be  seen  by  referring 
to  Fig.  3;  from  0.2  N  up  to  about  1.2  N  the  values  of  Cc  vary  in- 
versely as  the  total  salt     concentrations ,  and  between  these  limits 

I,, 
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Showing  the  effect  of  increasing  the  total  salt  concentration  at  a 
fixed  (equivalent)  salt-concentration  ratio. 

NaCl  :  1/2  SrCl2  Temperature  25° 


Araalg.  Cone. 
Amal .  Eq'm  amalgam  gave      in  milli- 

at  I  on  analysis.      equivs.  per 

NoLetai't    NagS04|  SrS04'    Hg .  '  10  gms.  Hg. 


Atonic  frac- 
tions of  amal- 
gamated metals 


Na. 


Sr. 


Cc  Cor.  to 
A  milli- 
equive  ,r>er 
10  gms.Hg. 


Total 


Concentration  0.2  N. 


1. 
2. 
3. 
4. 
5. 
6. 


Sr 
Sr 
Sr 
Na 
Na 
Na 


Total 


8. 

9. 
10. 
11. 
12. 


Total 
Sr 
Sr 
Sr 
Na 
Na 
Na 


.1699 
.1715 
.1737 
.1666 
.1703 
.1714 


0.3  N. 

.1675  200.4 

.1702  200.3 

.1697  201.1 

.1621  195.5 

.1656  200.0 

.1647  200.3 


ean 

Concentration  01.4  N 


Concentra 
.2108 
.2147 
.2116 
.2133 
.2100 
.2135 


Total 
Total 


13. 
14. 
15. 
16. 
17. 
18. 


Concentra 


Total 
Sr 
Sr 
Sr 
Na 
Na 
Na 


Concentration  ] 


Concentration  1 


tion  0 

.1148 

.1180 

.1150 

.1175 

.1145 

.1132 


tion  Q.8  N. 


.6  N. 
199.4 
201.2 
200.3 
198.7 
198.7 
198.2 


.2935 

.0958 

.2847 

.0903 

.2847 

.0944 

.2548 

.0739 

.2618 

.0759 

.2528 

.0720 

^9. 

20  . 
21. 
22. 

23 


Total  Cone  en  trait  ion  I 

.0676 
.0815 
.0705 
.0608 


Sr 
Sr 
Sr 
Na 

iff 

(Con' fcfc 


.2722 
.2571 
.2725 
.2717 


.2  N. 

.6  N. 
197.2 
199.2 
199.3 
200.2 
200.3 
199.7 


.4  N. 

200.2 
200.5 
201.2 
200.5 

181:8 


(See  Nos,  47-64  Tabl 5  I)  Mean 


0  .210 
0  .213 
0.213 
0  .210 
0  .210 
0.210 


.7240 
.7223 
.7229 
.7266 
.7266 
.7291 


.2760 
.2777 
.2771 
.2734 
.2734 
.2709 


.704 
.711 
.715 
.692 
.692 
.6«1 


0.211 

(See  Nos.  13-^18  Table     )  Me 


0.212 
0.216 
0.211 
0  .216 
0.212 
0.213 

0.213 


.8261 
.8262 
.8264 
.8243 
.8283 
.8322 


.1739 
.1738 
.1736 
.1757 
.1717 
.1678 


.699 
an 


.341 
.339 
.340 
.346 
.334 
.331 


.339 


(See  Nos.  13^0  Table     )  M< 

1 


(See  Nos . 13- 


0.263 
0.251 
0.253 
0.229 
0  .225 
0.218 


0.240 


18  Table     )  Mean 


.8871 
,Q901 
.8856 
.9986 
.8986 
.9001 


.1129 
.1099 
.1144 
.1014 
.1014 
.0999 


.192 
.185 
.194 
.166 
.166 
.165 


,9124 
,8910 
,9090 
,9204 


.0876 
.1090 
.0910 
.0796 


.178 


.1-41 
.183 
.147 
.126 

■m 


A  =  .225 
.1.14 


.749 
.748 
.750 
.737 
.738 
.726 


.741 
.546 

.362 
.354 
.362 
.361 
.355 
.350 

.357 

,283 

.200 


.164 
.166 
.172 
.171 
.166 
.171 

.168 


.139 
.183 
.144 
.127 

=xss, 
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No. 


Amal . 

at 
start 


Eq'm  amalgam  gave 
on  analysis. 


Na2SC>4  SrS04 


Hg. 


Amalg.  Cone 

in  milli- 
equivs.  per 
10  gms.  Hg. 


Atomic  frac- 
tions of  amal 
gamated  metal 
Na.  Sr. 


2C  Cor.  to 
A  milli- 
equivs,per 
10  gms.Hg. 


To|tal  Cpncentration  3.2  N. 


25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 


Sr 
Sr 
Sr 
Na 
Na 
Na 
Sr 
Sr 
Sr 
Na 
Na 
Na 


.2902 
.2991 
.2970 
.2656 
.2575 
.2628 
.3260 
.3312 
.2908 
.2480 
.2505 
.2650 


.0985 
.0908 
.0930 
.0826 
.0879 
.0817 
.1100 
.1098 
.0961 
.0880 
.0841 
.0836 


198.7 
199.2 
198.5 
201.4 
201.0 
201.7 
206.0 
205.0 
199.5 
200.1 
200.0 
200.2 


0  .259 
0.261 
0.262 
0 . 227 
(0.228) 
0.228 
0.281 
0.286 
0.258 
(0.222) 
(0.225) 
0  .228 

0  . 254 


.8841 

.8950 
.8924 
.9005 
.8835 
.8926 
.8986 
.8863 
.8868 
.8794 
.8868 
.8992 


.1159 
.1050 
.1076 
.0995 
.1165 
.1074 
.1014 
.1137 
.1132 
.1206 
.1132 
.1008 


.198 

.175 

.181 

.164 

.190) 

.180 

.166 

.193 

.192 

.208) 

.192) 

.167 


.179 


A  =  .225 

.161 

.151 

.155 

.163 
(.195)  * 

.175 

.133 

.152 

.167 
(.211)  * 
(.192)  * 

.164 

.158 


*  Hydrogen  evolved  quite  feeely. 


the  curve  is  a  hyperbola.     If,  therefore,  instead  of  plotting  the 
values  of  Cc  and  of  the  total  concentration,  the  logarithmic  values 
are  plotted,  the  logarithm  of  Cc  is  approximately  a  linear  function 
of  the  logarithm  of  the  the  total  concentration;  this  is     shown  by 
curve  (3)  of  Fig.  4. 

With  the  exception  of  experiments  19-24  the  results  are  very 
concordant,  i.e.,  the  extremes  differ  in  each  set  by  not  over  4  or 
5fz,  this  being  the  limit  of  accuracy  with  which  the  values  of  Cc 
could  be  checked.      However,  this  variation  (due  to  analytical  error) 
is  small  in  comparison  with  the  large  variation  due  to  differences 
in  concentration  in  the  amalgams  and  solutions. 

The  values  in  Table  V  were  all  calculated   for  a  single  specific 
concentration  of  at  algam;  but  data  suitable  for  studying  the  effect 
of  increasing  the  salt  concentrations  at  other  fixed  amalgam  con- 
centrations are  to  be  found  in  the  preceding  tables,  and  for  this 
purpose  the  mean  values  in  all  cases  are  again  tabulated  in  Table  VI. 
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NaCl   :  1/2  SrCl2 

TecDsrature  25^ 

Total  Concentration 
of  Solution. 

Table  No. 

Exp  8  . 

Nr  b  . 


'.lean  values  of  Cc 
corrected  to 
milli -equivalents 

A  =  0  753 

0.2 

N 

T 

X 

23  - 

34 

3  51 

0.4 

N 

TT 

X  X 

1  _ 

X 

1  7^ 

X  •  f 

0.8 

H 

TTT 

XXX 

X 

Pi 

R43 

1.2 

N 

IV 

1  - 

G 

.5Q3 

A   =  0 

0.2 

N 

T 

X 

35  - 

46 

1  76 

X  •  '  w 

0.4 

N 

TT 

X  X 

7  - 

1  0 

X 

°06 

O.S 

N 

TTT 

XXX 

7  - 

f 

X£J 

46^ 

1.2 

N 

IV 

7  - 

12 

.307 

a  =  n  22s 

0.2 

N 

T 

X 

47  - 

64 

1  14 

x  •  x  rr 

0  .4 

N 

tt 

X  X 

13  - 

X  0 

1  fl 

546 

0.8 

N 

TTT 

XXX 

X  t*i 

30 

POX 

1.2 

N 

IV 

13  - 

13 

.200 
A  -  n  0Q35 

0.2 

N 

T 

X 

70 

4-QO 

0.4 

N 

IT 

X  X 

10  - 

X  ■  v 

OA 

251 

0.8 

N 

TTT 

XXX 

O  X 

36 

151 

•  X  w  X 

1.2 

N 

IV 

10  - 

24 

.127 

| 
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In  this  table  column  one  gives  the  total  concentration  of  the  solu- 
tion; column  two  the  number  of  the  table  in  which  the  individual  ex- 
periments are  tabulated;  column  three  refers  numerically  to  the  ex- 
periments, and  column  four  contains  the  mean  corrected,  values  of  Cc. 

The  logarithms  of  these  mean  values  plotted  against  the  logar- 
ithms of  the  total  salt  concentrations  are  also  shown  in  Fig.  4. 
These  curves  which  are  practically  parallel  show  very  conclusively 
that  the  effect  due  to  increasing  the  total  salt  concentration  of  the 
solution  is  entirely  independent  of  the  effect  due  to  varying  the 
concentration  of  the  amalgam.       This  will  be  shown,  in  detail  under 
the  discussion  of  the  ion-fractions. 

(5)  Effect  of  varying  the  concentration  ratio  of  the  salts  at 
a  fixed  total  concentration t -      Tables  VII  and  VIII  give  the  data 
obtained  at  total  concentrations  of  0.3  N  and  0.6  N,  respectively, 
upon  varying  the  ratio  of  the  salts  from  l/2  SrClg  r  NaCl  =  4  :  1  to 
l/2  SrClg  :  NaCl  =1:4.        The  mean  values  do  not  follow  any  regu- 
lar order  of  change  as  will  be  seen  upon  referring  to  Fig.  5,  in 
which  the  values  of  Cc  are  plotted  against  the  mol-f ractions  of  the 
salts  in  the  solution. 

It  should  be  noted  that  the  normality  ratios  for  experiments 
1-6  of  Table  VII  are  0.071  NaCl  to  0.229  SrClg  instead  of  0.06  and 
0.24  as  was  intended.       Since  the  mean  values  are  not  regular  this 
discrepancy  was  not  detected  until  the  ion-fractions  were  calculated 
when  it  was  found  they  did  not  agree.      Upon  analysis  of  some  of  the 
remaining  solution  the  NaCl  was  found  to  be  0.0700  and  0.0711  N  and 
the  SrClg  to  be  0.2289  and  0.2290  N.       Therefore  these  valuer  were 
used. 

The  first  six  experiments  in  Table  VII  also  show  a  greater 
variation  than  usual  in  the  different  values  of  Cc,  the  range  being 


Table  vil 


29 


Total  Concentration  0.3  N. 


Temperature  25°. 


'c    Cor.  to 
A  milli- 
!0  equivs.per 
10  gms.Hg. 


No. 


Araal.  Eq'm  amalgam  gave 
at  on  analysis. 


start    Na2S04  SrS04  Hg 


?aCl  '=  0.071  ]ff  SrClg  =  0 


1. 

2. 
3. 
4. 
5. 
6. 


7. 

8 

9 
10 
11 
12 


Amalg.  ConcJAtomic  frac- 

in  milli-  tions  of  amal- 
aquivs.  per  gamated  metale 
10  gms.  Hg.  Na 


Sr 

Sr 
Sr 
Na 
Na 
Na 


JaCl 

Sr 
Sr 
Sr 
Na 
Na 
Na 


13. 
14. 
15. 
16. 
17. 
18. 


TaCl 
tfaCl 


Sr 
Sr 
Sr 
Na 
Na 
Na 


NaCl 


19. 

20  . 

21. 

22. 
23. 

24. 


or 

Sr 

Sr 

Na 
Na 

Na 


,0860 
.0885 
.0855 
.0824 
.0840 
.0813 


.2760 
.2973 
.2306 
.2634 
.2613 
.2475 


229  N, 


200.8 
202.4 
201.0 
200.5 
200.4 
200  .4 


0.210 

0.220 

0.212 

0  . 20 1 . 

0.201 

0.192 


Mean  0.206 
0.10  N,  SrClo  =  0.20  N. 


.1195 
.1147 
.1164 
.1127 
.1145 
.1130 


.2535 
.2212 
.2288 
.2117 
.2129 
.2147 


=  0.20  N 

.2235 
.2117 
.2200 
.2028 
.2097 
.2127 


200  .1 
197.5 
200  .0 
200.0 
200  .0 
200  .8 

Mean 


0.210 
0.204 
0.207 
0.195 
0.197 
0.196 

0.202 


.4462 
.4293 
.4407 
.4471 
.4539 
.4608 


.5705 
.5729 
.5681 
.5792 
.5819 
.5764 


=  0.15  N,  SrCl*  =  0.15  N.(See  Nop.  1-6 


SrClo  =  0.  10  N. 


.0935 
.0853 
.0923 
.0802 
.0838 
.0842 


199.4 
199.8 
200  .3 
200  .5 
200.3 
199.3 

Mean 


0.209 

0.196 

0.205 

0  .186 

0.193. 

0.196 

0.198 


=  0.24  N.  SrClo  =  0.06  N. 


.2580 
.2507 
.2560 
.2523 
,2495 

.2500 


.0585 
.0530 
.0560 

Mi 

.0510 


200.6 
199.8 
800.3 
200.0 
200.0 
200.5 

Mean 


0.213 
0.206 
0.210 
0.206 
0.204 
0  .203 

0.207 


.8608 
.8653 
.8605 
.8737 
.8662 
.8674 


.9208 
.9231 
.9220 
.9253 
.9262 
.9270 


Sr 


5538 
5707 
5593 
5529 
5461 
5392 


429  5 
4271 
,4319 
,4208 
,4181 
,4236 


Table 


.1392 
.1347 
.1395 
.1263 
.1338 
.1326 


.0792 
.0769 
.0780 
.0747 
.0738 
.0730 


.663 
.744 
.692 
.664 
.637 
.610 


A  =  .225 


.716 
.760 
.734 
.744 
.713 
.715 


.669 


.660 

.651 
.669 
.627 
.617 
.638 


.644 


)  Mean 


.601 
.576 
.603 
.530 
.571 
.564 


.574 


.664 
.642 
.652 
.620 
.612 
.604 

.632 


.730" 


.706 
.719 
.729 
.725 
.708 
/733^ 

.720 

,741 


.649 
.662 
.662 
.640 
.668 
.646 

.654 


.706 
.701 
.69e 
.679 
.677 
.669 

.688 
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Table 

VIII 

Showing 

the  effect  of  varying  the  concentration  ratio  of 

the 

salts 

at 

a  fixed  total  concentration. 

Total  Concentration  0 

.8  N. 

Temperature 

25  . 

Amfll  D"     Conn  . 

Atomic 

f  rac- 

cc 

Cor.  to 

A  m  q  1 
Hill  a*  J-  * 

Eq'm  amalgam  gave 

1m  mi  1 1  i  — 

-l_  1  1      111  X  J-  _L  -i- 

tions  of  amal- 

uc 

A 

Hiilli- 

o  + 

on  analysis. 

W  VJ        -L   V  O  .        kj  \^  1 

gamated 

metal £ 

eouivs .per 

No. 

start 

Na2S04 

SrS04 

Hg. 

via,. 

fcr. 

10 

gms.Hg. 

VaCl 

=0.12  N, 

SrClg 

=  o.< 

8  N. 

A 

=  .225 

i  • 

or 

.0815 

.2190 

193.5 

0.183 

.4906 

.5094 

.435 

o 

<o  . 

or 

.0845 

.2318 

194.5 

0.191 

.4894 

.5106 

•  o  o  o 

.419 

o . 

or 

.0910 

.2470 

199.5 

v.'  .  X  c7 

.4878 

.5122 

•  O  DO 

.406 

A 

%.  • 

Mo 

in  a 

.0833 

.2125 

191.5 

\J  •  X  ~  <c 

.5034 

.4966 

**P£n 
•  OcD 

.404 

c 

O  • 

IN  cL 

0P.35 

21  Q5 

201  5 

<J  »  J.  f  f 

.4960 

.5040 

^41 

435 

D  • 

in  a 

.0813 

.2125 

200.0 

/Q7Q 

pp 

.<><->  f 

.^45 

,  SrCl 

Mean 

0    ft  «4 
.  not 

.345 

.424 

7. 

NaCl 

=  B.20  .1! 

2  ' 

40.  N. 

Sr 

.1450 

.1639 

200.0 

0.191 

.6959 

.3041 

.314 

.369 

8. 

Sr 

.1494 

.1665 

200  .2 

0.196 

.6990 

.3010 

.314 

.362 

9. 

Sr 

.1470 

.1715 

195.2 

0.202 

.6891 

.3109 

.327 

.365 

i  n 

J-U  • 

If  n 

.1354 

.1427 

200  .7 

0.172 

.7105 

.2895 

PP7 

.374 

1  1 
XX. 

Mo 

IN  XX 

.1335 

.1435 

195.5. 

0.176 

.7065 

.2935 

PQ4 

.376 

XO  . 

IN  CL 

.1396 

.1555 

200.0 

0  1R3 

.6985 

.3015 

^OQ 

.380 

0  170 

"371 

.  O  i  X 

BTaCl 

=  0.30  N 

,  SrC] 

o   =  0. 
a  ' 

UU      IN  «   \  O  O  C<  iN 

s.  7-12 

Table 

)  Me 

357 

NaCl 

=  0.40  K 

,  SrCl 

2  =  0. 

20  N. 

13. 

Sr 

.2565 

.0688 

199.8 

0.213 

.9186 

.0814 

.309 

.327 

14. 

Sr 

.2585 

.0613 

200  .0 

0.216 

.9160 

.0940 

.319 

•  — >  x. 

.333 

15. 

Sr 

.2620 

.0615 

199.8 

0.218 

.9175 

.0825 

.314 

.324 

16  . 

Na 

.2348 

.0500 

200  .0 

0  . 193 

.9240 

.0760 

.  285 

.333 

17. 

Na 

.2467 

.0545 

198.4 

0  .204 

.9209 

.0791 

.298 

.330 

18 . 

Na 

.2457 

.0553 

201.2 

0  .202 

.9200 

.0800 

.  303 

.337 

Mean 

0  .208 

.305 

.331 

NaCl 

=  0.48  * 

,  SrCl 

2  =  0. 

12  N. 

19. 

Sr 

.2300 

.0230 

191.0 

0.183 

.9622 

.0378 

.291 

.357 

20. 

Sr 

.2730 

.0300 

200.0 

u .  <^u  y 

.9593 

.0407 

.314 

.339 

21. 

Sr 

.2717 

.0305 

199.6 

0.208 

.9584 

.0416 

.322 

.349 

22. 

Na 

.2691 

.0301 

200  .3 

0  .206 

.9573 

.0427 

.331 

.362 

23. 

Na 

.2674 

.0305 

200.0 

0.205 

.9578 

.0422 

.327 

.367 

24. 

Na 

.2606 

.0278 

200.3 

0.198 

.9605 

.0395 

.304 

.343 

Mean 

0.201 

1 

.315 

.353 
 ,  

Fig.  «*7 
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from  .713  to  .760  or  a  difference  of  about  7 

(4)  Effect  of  changing  the  temperature:  Heat  of  reaction:-  The 
The  hefct  of  the  reaction 

2  NaHgn-f-  SrCl2  =  2  NaCl  +  SrHgm  +  (2  n  -  m)  Mg 
may  "be  determined  from  the  values  of  Cc  at  different  temperatures, 
other  conditions  remaining  constant,  by  the  Van't  Hoff  eouation 


in  which  CCi  and  Ccg  are  the  equilibrium  values  at  the  temperatures 
Ti  and  Tg  respectively,  R  the  gas  constant  in  calories  or  1.9R6  and 
Q  the  heat  evolved  when  the  substances  in  the  numerator  react  to  form 
those  in  the  denominator  of  the  mass  law  expression,  or  when  the 
above  reaction  takes  place  from  right  to  left. 

The  results  for  the  values  of  Cc  as  determined  at  15°,  20°,  25° 
and  30°  are  given  in  Table  IX.       By  substituting  the  mean  values  of 
Cc  into  the  Van't  Hoff  equation,  the  heat  of  the  reaction  was  found  tc 
be  2987  Cal.  between  15°  and  20°;  4665  Cal.  between  20°  and  25°;  and 
4430  Cal.  between  25°  and  30°;  the  mean  value  between  15°  and  "0° 
being  4024  Cal . 

The  results  are  of  course  far  from  concordant,  but  when  it  is 
considered  that  a  difference  of  approximately  1  <f  in  the  determination 
of  the  Cc  value  makes  a  difference  of  400  to  500  Cal.  in  the  heat  of 
the  reaction,  and  that  the  individual  determinations  of  Cc  could  not 
be  checked  within  narrower  limits  than  4  or  5  f,  the  agreement  is 
perhaps  not  so  bad.      Nevertheless  the  heat  of  the  reaction,  as 
determined,  includes  the  heat  of  dissociation  of  the  metallic  mercury 
compounds  as  well  as  the  heat  of  ionization  of  the  salts,  and  these 
may  (  and  probably  do  )  change  very  materially  with  the  temperature. 
Since  the  "Heat  of  reaction"  as  determined  is  really  the  algebraic 
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Table  IX 

the 

ShowingA  effect  of  changing  the  temperature. 

Total  Concentration  0.2  N. 

NaCl   :   1/2  SrCl2 

Amalg.  Cone, 

Atomic 

f  rac- 

Cc  Cor.tp 

Amal . 

Eq'm  amalgam  gave 

in  miili- 

tions  of  amal- 

A  milli- 

at 

on  analysis. 

squivs.  per 

metal  4  Cn 

equips .per 

No. 

start 

NagS04 

SrS04 

Hg. 

10  gms.  Hg. 

Na 

Sr 

1U  gms.Jrig. 

T€ 

mpera 

iure  15° 

A    —  OQC 

X  » 

ox 

•  XfeffciO 

1 PQ  P 

.7015 

OOP  R 

an 
.oil 

.919 

2. 

Sr 

•  lOil 

•  x  a'U 

top;  o 

Xr?  O  .  U 

0.204 

•  DV  Do 

Q  rZ  PL 
.OOO 

.920 

rz 

OX 

1  AP.  R 

1  Ron 
•  X  ov?u 

n  i  qp 

7Pi  A  'A 

.935 

4. 

Na 

i  An  k  1 

•  XfLU  w 

1  po  n 

0.184 

7  1  7Q 

PPP1 
•  ioO  C  X 

740 

.915 

5. 

Na 

•  XftOU 

T  ZLOP 
•  X*±<SO 

0  . 184 

7P1  R 

P7P  R 

71  R 
.  1  xo 

.877 

6. 

Na 

•  1  LCj  1 

1  70  A 

0.148 

VAPP 

•  /*iOO 

per?/ 

AID 
.DID 

.919 

Mean 

0.185 

•  f  OO 

Q  1  P 

Te 

mpera- 

-nvid  or\0 
jixre  <cu 

• 

7. 

Sr 

•  X*±3  X 

•  XD  1  %J 

i  on  n 

0.201 

•  or  f  f 

PPP 

.988 

8. 

Sr 

.1355 

.1659 

189.5 

0.196 

.3212 

.931 

1.07 

9. 

Sr 

.  1340 

.1510 

191.5 

0.184 

.6965 

.3035 

.836 

1.02 

10. 

Na 

.1361 

.1495 

191.5 

0.185 

.7019 

.2981 

.821 

.998 

11. 

Na 

.1500 

.1735 

200  .5 

0.200 

.6909 

.3091 

.865 

.975 

12. 

Na 

.1455 

.1622 

201.0 

0.190 

.6992 

.3008 

.841 

.997 

IO  . 

or 

.1570 

.1902 

195.5 

u  •  <s  xy 

.6809 

.3191 

.920 

.945 

14. 

Sr 

.1588 

.2007 

200.3 

0.221 

.6717 

.3283 

.972 

.991 

10  • 

or 

.  XOU  Cj 

pn  p*2, 

Pft  P  o 

O  PPT 
U  •  o  o  X 

.6717 

7907 

Q7P 
it?  f  0 

.991 

16. 

Na 

1  API 

.  J.ftt.  X 

1  PI  ^ 
.  1C  xo 

PHD  <1 

0.191 

.  (  UU  O 

PQQP 

PIP 

.962 

1  7 

IN  ex 

•  XStrrO 

1  RO  P 

n  i  pq 

•  Ov  »UU 

poo 

.979 

18. 

Na 

poo  o 

0.188 

CP77 

PPP 

1.05 

0  .199 

P7Q 

QQ7 

Te 

mpe  Ta- 

iure 25° 

.   (  Se< 

i  Nos. 

47-64  Table 

I) 

Mean 

1     1  A 

X  .  X*± 

Te 

mper  a1 

,ure  30° 

♦ 

19. 

Sr 

.1095 

.1320 

194.0 

0.154 

.6820 

.3180 

.913 

1 . 34 

20. 

Sr 

.1131 

.1334 

200.5 

0.152 

.6869 

.3131 

.887 

1.31 

21. 

Sr 

.1205 

.1450 

198.8 

0.168 

.6832 

.3168 

.907 

1.24 

22. 

Na 

.1115 

.1208 

200.3 

0  . 148 

.6921 

.3079 

.859 

1.31 

23. 

Na 

11]  6 

1  273 

200  5 

0.148 

.6941 

306Q 

.851 

1.30 

24. 

Na 

.1185 

.1423 

201.0 

0.161 

6P2P 

.3172 

.907 

1.25 

Mean 

0  .155 

.887 

1 . 29 
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sum  of  the  heats  of  several   (at  least  five)  individual  reactions, 
the  values  obtained  are  of  significance  mainly  with  respect  to  the 
order  of  magnitude  and  the  direction.       Since  the  heat  of  the  reac- 
tion is  positive  the  reaction, as  a  wjiole  is  exothermic. 

(5)  Calculation    of  the  ion-fractions  in  cases  (2)  and  (3):- 

-1+  Wlt4a 

In  the  theoretical  part  an  expression  (Na  )  =   has  been 

developed,  in  which  "a"  =  ^c  Sf1^^  •      From  the  data  now  at  hand 
r     '  Co  (NaCl)^ 

it  is  possible  to  calculate  the  change  of  ion-fraction  (a)  with  the 
change  of  total  concentration  of  the  solution  at  a  fixed  salt-concen- 
tration ratio,  and  (b)  with  the  change  of  concentration  ratio  at  a 
fixed  total  salt  concentration. 

(a)  By  the  extrapolation  of  the  logarithmic  curve  (  No. 3,  Fig  4' 
a  C0  value  of  2.32  is  obtained  at  an  amalgam  concentration  of  0.225 
millie-quivalents  per  10  grams  of  mercury.      By  using  this  value  and 
the  neccessary  data  from  fable  V    the  ion-fractions  have  been  cal- 
culated over  a  total  concentration  range  of  0.2  N  to  3.2  N,  and  are 
given  in  Table  X.       Column    one  gives  the  total  normality  of  the 
solution;  column  two  the  value  of  C0;  colurn  three  the  values  of  Cc 
from  Table  V;  and  columns  five  and  six  the  calculated  ion-fractions. 


Table  X 


NaCl   :   l/2  SrClg  Temperature  25 

Amalgam  =   0  .225  milli -eouivalents  per  10  grams  mercury. 


Total  Normality 

Co 

Calcul ated 

ion-fractions 

Na 

Sr 

0.6(5 

2.3^  1 

id*  •  3  2 

.666 

.333 

0  .20 

2.32 

1.24 

.777 

.223 

0.30 

2.32 

.741 

.835 

.165 

0.40 

2.32 

.  546 

.866 

.134 

0.60 

2.32 

.357 

.P00 

.100 

0.80 

2.32 

.283 

.920 

.080 

1.20 

2.32 

.200 

.943 

.057 

1.60 

2.32 

.168 

.951 

.049 

.  2.40 

2.32 

.  150 

.955 

.045 

3.20 

2.32 

.158 

.955 

.045 
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From  these  data  it  may  be  readily  noted  that  the  sodium  ion- 
fraction  increases  from  0.777  at  a  total  concentration  of  0.2  N  to 
0.951  at  1.6  N,  and  that  above  this  concentration  it  is  practically 
constant;  the  strontium  ion-fraction  decreases  correspondingly.  The 
rate  of  this  change  may  be  seen  more  plainly  by  referring  to  Fig.  6, 
in  which  the  ion-fractions  are  plotted  against  the  total  salt  concen- 
tration.      The  curve  is  extrapolated  to  an  ion-fraction  of  0.666 
sodium  to  0.333  strontium.,  the  theoretical  values  at  infinite  dilutior 
when  the  salts  have  equal  normality  in  the  solution. 

From  the  previous  data  it  has  been  shown  that  the  value  of  Cc 

changes  wifah  the  concentration  of  the  amalgam.       On  plotting  the 

logarithmic  values  of  C    against  the  logarithm  of  the  total  concen- 

c 

teation  for  four  different  specific  amalgam  concentrations,  a  series 
of  four  parallel  curves  was  obtained,  and  the  statement  was  made 
(page  28)  that  the  »hange  of  Cc  caused  by  varying  the  concentration 
of  the  a,malgam  is  independent  of  the  change  caused  by  the  increase 
of  total  salt  concentration  at  a  fixed  (equivalent)  concentration 
ratio.       If  this  is  true  the  ion-fraction  values  calculated  from  the 
four  sets  of  data  should  be  identical.       Alro  if  the  principle, 
namely,  the  mass  law,  upon  which  this  investigation  is  ba?ed,  is  true 
then  the  ion-fractions  calculated  in  all  four  cases  for  a  given  con- 
centration of  solution  should  agree;  the  constitution  of  a  solution 
of  any  specific  salt  ratio  and  concentration  must  of  neccessity 
remain  constant  regardless  of  the  composition  of  the  amalgam  with 
which  it  is  in  equilibrium. 

On  extrapolating  curves  1,2,  and  4,  in  Fig. 6,  qq  values  are 
obtained  as  follows;  when  "A"  =  0.753,  CG  =  6.92;  when  "A"  =  0.390, 
C0  =  3.51;  and  when  "A"  =  0.0935,  C0=  1.07,  where  "A"  stands  for 
milli-equivalents  of  amalgamated  metals  per  10  grams  of  mercury. 
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fig.  c 
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Curve      sAovuir*^  mlculd'ted 
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For  purposes  of  comparison,  the  ion-fractions  as  calculated  from  the 
data  in  Table  VI  at  the  total  concentrations  of  0.2,  0.4,  0.8  and  1.2 
N  and  for  the  amalgam  concentrations  given  above  are  tabulated  in 
Table  XI;  in  which  column  one  gives  the  number  of  the  calculation; 
column  two  the  total  normality  of  the  solution,  column  three  the 


value  of  "A",  columns  four  and  five  the  respective  CQ  and  Cc  values, 
and  columns  six  and  seven  the  calculated  ion-fractions. 


Table 

XI 

Total 

1 

Calculated  ion-fractions 

No. 

Normality 

"A" 

Co 

Na 

Sr 

1. 

0.2 

0  .753 

6  .92 

3  .51 

.776 

.223 

2. 

t 

0  .390 

3  .51 

1 .76 

.750 

.250 

3. 

0 . 225 

2.32 

1  . 14 

.777 

.223 

4. 

0.0935 

1.07 

.400 

.786 

.214 

Lean  .772 

.228 

5. 

0.4 

0  .  753. 

6  .92 

1 . 72 

.861 

.139 

6 . 

0  . 390 

3 . 51 

.896 

.  8©U 

.  J.  40 

7. 

0.225 

2.32 

.546 

.866 

.134 

8 . 

0  .0935 

1.07 

.251 

.Q73 

.127 

Mean     .865  - 

.135 

9. 

0.8 

0  .753 

6.92 

.843 

.922 

.078 

10. 

0.390 

3.51 

.462 

.898 

.102 

11. 

0  .225 

2.32 

.283 

.920 

.080 

12. 

0.0935 

1.07 

.151 

.913 

.087 

Mean  .913 

.087 

13. 

1.2 

0.753 

6.92 

.583 

.942 

.058 

14. 

0.390 

3.51 

.307 

.941 

.059 

15. 

0.225 

S  •  3  S 

.200 

.943 

.057 

16. 

0.0935 

1.07 

( .1271 

(  .914) 

(  .086) 

tie  an  .942 

.05° 

The  ion-fraction,  valu^ 

is  are  in  the  case  of  each  salt  solution 

very  concordant  for 

the  different  amalgam  concentrations 

t  with  the 

exception  of  those  in  No,  16 ; 

^c 

;  the  value  upon  which  these 

A  ■wii^— miwiiiBiiii  

values  are 
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based  is  not  reliable,  it  being  the  mean  value  of  experimante  19-24 
in  Table  IV.       Attention  has  already  been  called  to  the  variation  of 
these  values;  at  this  very  high  total  salt  concentration  the  ion- 
fraction  of  the  strontium  in  the  solution  if-  exceedingly  low,  and 
since  the  very  low    concentration  (  i.e.  large  volume)  of  the  amalgan 
decreases  the  active  maue  of  the  strontium  in  the  amalgam,   (  see 
page   41  )  it  is  easily  seen  especially  upon  referring  to  the  original 
data  in  Table  IV,  that  equilibrium  probably  was  not  attained  in  the 
case  of  thepe  experiments. 

The  concordance  of  these  values  ray  then  be  taken  as  further 
evidence  that,  in  bo  far  as  the  ions  are  concerned,  the  mass  law  does 
held  for  concentrated  solutions  of  Btrong  electrolytes,  and  that  the 
principles  upon  which  this  Investigation  is  based  are  true. 

(b)  The  change  of  ion-fraction  with  the  change  of  mol -fraction 
at  a  fixed  total  salt  concentration  may  be  determined  from  the  data 
in  Tables  VII  and  VIII.      As  these  determinations  were  preformed  a.t 
a  total  amalgam  concentration  pf  0.225  mil 11 -equivalents  per  10 
grams  of  mercury,   the  previously  determined  value  of  Cc  a,t  this 
amalgam  concentration,  2.32,  is  the  value  used  here.       The  results 
of  these  calculations  at  0.3  and  0.6  N  are  given  in  Table  XII,  in 
which    columns  one  and  two  represent  the  mol-f ractions  of  the  NaCl 
and  the  SrClg  in  the  solution,  column  three  the  Cc  value, and 
columns  four  and  five  the  calculated  ion-fractions  of  Na*  and  Sr+* 
respectively. 

the 

By  reference  to  Fig.  7,  in  which Amol -fractions  of  the  salts 
in  the  solutions  are  plotted  against  the  corresponding  ion-fractions  , 
it  is  evident  that  the  ion-fractions  are  by  no  means  proportional 
to  the  mol-f ractions  of  the  salts.       If  they  were  proportional 
these  ratios  would  be  identical  and  the  curve  would  be  a  straight 
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Table  XII 


Lol -fractions  of  the 
salts  in  the  solution. 


NaCl 


SrCl, 


Calculated,  ion-fractions. 


Na 


Total  cone 

.  5846 
.5000 
.6666 
.8000 
.8888 


ent  ration  0  . 3 


N. 


.6155 
.5000 
.3333 
.2000 
.1111 


Total  Concentration  0.6 


N. 


,3333 
.5000 
.6666 
.8000 
.8888 


.6666 
.5000 
.3333 
.2000 
.1111 


.730 
.720 
.741 
.654 
.688 


.424 
.370 
.357 
.331 
.353 


.567 
.697 
.835 
.926 
.966 


,602 
797 

,900 
969 
980 


.431 
.303 
.165 
.074 
.034 


.398 
.203 
.100 
.031 
.020 


line  cutting  the  plot  diagonally  as  shown  by  the  broken  line.  The 
fact  that  the  ion-fractions  are  not  proportional  to  the  mol -fractions 
in  the  solution  is  the  point  that  is  used  to  prove  that  the  mass  law 
does  not  hold  for  concentrated  solutions.       In  this  paner,  an  applica 
ticn  of  the  law  itself  shows  that  the  ion-fractions  are  not  propor- 
tional to  the  mol -fractions  in  the  solutions;  that  is,  the  use  of  the 
mass  law  leads  to  the  very  conclusion  that  has  been  used  against  it, 
so  that  it  may  after  all  hold  for  concentrated  solutions.     If  the 
mass  law  does  hold  in  puch  solutions  then  it  follows  that  in  the  case 
of  mol-fractional  variations  at  other  total  salt  concentrations,  a 
series  of  curves  should  exist  which  would  approach  the  theoretical 
straight  line  as  their  limit     at  zero  concentration.       The  two  curves 
already  given,  showing  the  change  of  ion-fraction  at  total  concen- 
trations of  0.6  N  and  0.3  N  respectively,  seem  to  point  to  the  cor- 
rectness of  this  conclusion.      Moreover,  on  plotting  in  Pig.  7  the 
mean  values  of  the  ion-fractions  found  to  be  prerent  in  eouivalent 
mixtures  at  total  concentrations  of  0.2  N,  0.4  N,  0.6  N,  and  1.2  N, 
as  taken  from  Table  XI,  all  six  points  are  seen  to  occupy  positions 


^  g.  z 
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Cuyvtt  show    relation  bcTwccn 
the     lon-frdttionS    of  ~t  h  e  mttals 
Gnd   the   Al  ol~  f  ™  ct  i  on  §  of  the  S<j/ts 
dt  <}   fixed    Total  Sd!~t  Cor>  ce  ritrdtivn- 
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in  harmony  with  the  same  conclusion. 

(-6)  Calculation  of  the  chang e  of  the  degree  of  dissociation  of 
the  amalgams  with  change  of  concentration;-      From  the  data  given  in 


y  r 

Table  I  and  the  formula       Men  ,  developed  in    the  theoretical 


yi 


part,  the  change  in  the  degree  of  dissociation  of  each  amalgam  in  the 
mixture  with  changing  concentration  may  now  be  calculated. 

The  results  of  these  calculations , derived  from  mean  values  only 
are  given  in  Table  XIII,  in  which  the  first  column  refers  numerically 
to  the  experiments  in  Table  I  from  which  the  calculations  are  made, 
columns  two  and  three  to  the  concentration  of  the  amalgam  with  respec 
to  each  metal  in  terms  of  milli-equivalents  per  10  grams  of  mercury, 
column  four  to  the  concentration  of  the  amalgam  in  total  mi1!!- 
equivalents  of  metals  per  10  grams  of  mercury,   columns  five  and  c*ix 
to  the  calculated  concentration  of  the  free  atoms  of  each  metal  in 
the  amalgam  at  successive  dilutions,  based  on  the  assumption  that  the 
concentration  of  these  atoms  is  in  the  case  of  each  metal  erual  to 
unity  in  the  most  concentrated  amalgam. 


Table  XIII 


Nos.  of  Exps 


Concentration  in  milli- 
equivalents  of  each  metal 
per  10  grams  of  mercury 


in 

Table 

1 

-  22 

23 

-  34 

35 

-  46 

47 

-  64 

65 

-  70 

71 

-  76 

Na 

Sr 

.317 

1.043 

.242 

.505 

.156 

.239 

.102 

.102 

.0562 

.0302 

.0303 

.0105 

Concentration 
total  milli- 
equivalents  of 
metals  per  10 
grams  of  Hg . 


in 


Na 


1.360 
.747 
.395 
.204 
.0864 
.0408 


1.00 
.763 
.492 
.320 
.177 
.095 


6 


1.00 

486 
232 
0974 
0289 
0101 


From  these  results  it  is  readily  seen  that  the  increase  of 
association  upon  dilution  with  mercury  is  much  more  pronounced  in 
the  case  of  the  strontium  amalgam  than  in  that  of  the  sodium  amalgam. 
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V.  DISCUSSION. 

This  investigation  hae  shown  that  in  equivalent  mixtures  of 
sodium  and  strontium  chlorides  the  ion-fraction  of  the  strontium  de- 
creases, while  the  ion-fraction  of  the  sodium  increases  ccrresrond- 
ingly,  with  increasing  total  salt  concentration.       This  holds  true  up 
to  about  1.6  N,  above  which  the  ion- fractions    remain  constant. 
?Jhile  we  are  able  by  means  of  the  data  obtained  to  calculate  the  ion- 
fractions  of  the  two  metals,   these  data  nevertheless  do  not  enable 
us  to  calculate  the  actual  concentration  of  the  ions  in  the  mixed 
solution. 

The  ion-fraction  changes  above  referred  to  may  be  due  to  one  or 
more  of  the  following  causes:   (a)  the  existence  of  intermediate  ions, 
(b)  the  formation  of  complexes  in  the  solution,   (c)  the  hydration  of 
the  ions,  etc. 

(a)  There  no  longer  seems  to  be  a  question  as  to  the  existence 
of  intermediate  ions  in  solutions  of  tri -ionic  salts.      On  this  basis 
strontium  chloride  would  first  ionize  as  follows, 

SrCl-  £  SrCl*-*-  Cl~  (1) 

and  the  SrCl"*"  ion  would  again  ionize  to  give  the  simple  Pr^^ion, 

SrCl*;?  Sr**-f-  Cl~  (2) 

With  the  sodium  chloride  only  one  simple  form  of  ionization  is 
possible , 

NaCl  ^  Na*+  Cl~  (3) 
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From  these  three  equations  it  may  "be  seen  that  in  equivalent  mixtures! 
according  to  the  mass  law,  the  common  Cl~  ion  should  decrease  the 
concentration  of  the  simple  Sr**  ion  much  more  raridly  than  that  of 
the  Na"*"  ion. 

Noyes  and  Falk     (2)  have  shown  great  differences  in  the  results 
concerning  the  degree  of  ionization  of  salts  depending  upon  whether 
the  calculations  are  made  from  conductance  or  from  freezing  point 
data.      They  found  the  greatest  differences  in  the  case    of  the  bi- 
valent metal  halides,  where  with  CaClo  and  KgClg,   in  solutions  of 
less  than  normal  concentration,   it  ranges  from  3-9  y  ,  defending  upon 
the  concentration.       W.  D.  Harkins  and  H.  M.  Paine  (13)  in  their 
study  of  the  effect  of  salts  on  the  solubility  of  other  salts  give 
evidence  pointing  to  the  existence  of  the  SrCl*  ion;  they  also  mave 
the  following  statement,   M  The  first  steo  in  the  ionization  of 
strontium  chloride  is 

SrClCl  =  SrCl++  Cl~~ 
and  in  very  concentrated  solutions  this  should  be  almost  the  only 
form  of  ionization."      This  of  course  would  mean  that  the  concentra- 
tion of  the  simple  Sr**  ions  in  such  a  solution  is  very  small.  While 
the  present  work  gives  no  evidence  of  the  actual  concentrations  of 
the  ions  in  the  solution,  an  exceedingly  rough  comparison  nay 
nevertheless  be  based    upon  it.       In  solutions  of  1.6  N  or  above  it 
has  been  shown  that  the  ion-fractions  are  0.95  Na*  :  0.05  Sr**,  and 
since, according  to  conductivity  methods,   sodium  chloride  is  approxi- 
mately 70  %  ionized  at  1.6  N  concentration,  it  follows  that,  on  the 
assumption  of  the  isohydric  principle,  an  approximate  Sr*f  ion  concen- 
tration of  0.05  -  0.06  N  exists  in  an  equivalent  mixture  of  sodium 
and  strontium  chlorides  of  the  above  concentration.       This  is  in  good 
agreement  with  the  conclusions  of  Harkins  and  Paine. 


44  I 

(b)  Jones  and  Knight  (14),  Foots  and  Levy  (15),  Sudhaus  (16), 
Sandonnini   (6),  Rudorff  (17),  Jamieson  (18)  and  many  others  have 
furnished  proof  of  the  existence  of  coraplea  salts.      Aside  from  these 
may  be  mentioned  the  more  familiar  instances  of  KP  PtClg,  KgHgl4, 
2  K01.Mg01g.6  H20  and  (NH^gHgCl,!. 

Jones  and  Ota  (19)  have  shown  that  the  data  obtained  by  con- 
ductivity and  freezing  point  powering,  which  they  take  as  evidence  of 
complexes  in  the  solution,  point  towards  a  decrease  in  the  concentra- 
tion of  such  complexes  with  the  dilution  of  the  solution,  thus 
showing  that  the  complexes  are  dissociated  into  the  simpler  forms  in 
more  dilute  solutions.       Sandonnini   (6)  has  also  noted  this  behavior 
but  on  plotting  his  values  he  found  that  they  did  not  give  a  curve 
with  sharp  breaks  in  it  as  might  be  expected  at  the  point  where  a 
complex  is  formed;  therefore  he  concludes  that  the  complex  is  grad- 
ually formed  ol?  dissociated  with  increasing  or  decreasing  concentra- 
tion.      There  should  be  no  sharp  breaks  in  the  cursie  if  the  complexes 
present  are  formed  in  accordance  with  the  mass  law.       The  data  ob- 
tained in  the  present  investigation  upon  changing  the  ratio:  of  the 
mol-f ractions  in  the  solution  at  a  fixed  total  salt  concentration 
give  further  evidence  in  this  direction.      Also  the  fact  that, with 
increasing    dilution,  the  ion-fraction  ratio  of  the  metals  in  equi- 
valent salt  mixtures  approaches  the  theoretical  value  for  infinite 
dilution,  is  in  good  agreement  with  this  view;   since  the  gradual 
formation  or  dissociation  of  complexes  would  lead,  to  a  gradual  change 
in  the  value  of  the  ion-fraction  ratio. 

Even  if  we  were  to  assume  the  formation  of  complexes  in  order 
to  account  for  the  results  obtained,  we  still  have  no  indication  as 
to  exactly  what  these  complexes  might  be.       Complexes  such  as  those 
referred  to  are  defined  by  A.  Werner  (20)  as  "Higher  Order  Compounds" 
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and  are  capable  of  ionizing  in  several  different  ways.       If  the 
simplest  corapleK  possible  were  formed  in  the  case  of  the  two  salts 
under  consideration,  namely,  SrOlg.NaCl,   then  whether  the  formula  be 
written  Na  jSrClgj    or  Sr  |NaCl^l  this  compound  is  capable  of  giving 
several  different  ions  in  the  solution;     but  since  the  reaction  with 
which  we  are  concerned  deals  only  with  the  simple  Na    and  Sr  ions, 
these  alone  will  be  considered.       The  compound  Na  jsrCl^J  would 
primarily  give  Na+  and   jSrCl^J     ions,   and  the  mass  law  would  require 
that  with  increasing  concentration  of  the  solution  greater  amounts  of 
this  complex  should  be  formed  and  that  its  ionization  should  at  the 
same  time  decrease.;   i.e.,   that  the  Sr++"ion  concentration  in  the  sol- 
ution should  decrease  more  rapidly  than  the  Na*   ion  concentration. 
This  explanation  also  agrees  with  the  experimental  data,  according  to 
which  the  Sr"*"*"ion  concentration  does  decrease  more  rapidly  than  the 
Na*  ion  concentration.       The  second  formula,   Sr^NaCl^j  ,  on  the  other 
hand  would  give  an  excess  of  Sr*+ions,  and  therefore  It  is  not  in 
harmony  with  the  experimental  data  obtained  in  this  investigation. 

( c )  Even  a  third  basis  upon  which  the  results  might  be  explain- 
ed is  at  hand,  namely,  the  hydration  of  ions  in  solution.  (21)  This 
is  another  case  of  oompl ex-format Ion,  and  the  explanation  referred  to 
is  obviously  self  evident. 

Mixed  solutions  are  undoubtedly  very  complex  as  regards  their 
constitution;  and  all  of  the  phenomena  mentioned  above  probably  take 
place  to  some  extent,  and  it  seems  hardly  worth  while  to  draw  from 
the  data  at  hand  any  specific  conclusions  in  this  direction. 
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VI..  SUMMARY. 

1.  The  value  of  the  mass  law  expression,  Cc,  for  the  equili- 
brium between  the  mixed  chloride  solutions  and  the  liquid  amalgams 
increases  directly  with  the  concentration  of  the  amalgam. 

2.  With  increasing  total  salt  concentration,  at  a  fixed  (equi- 
valent) salt-concentration  ratio,    (a)  the  value  of  Cc  decreases  very 
rapidly  up  to  about  0.8  N,  after  which  it  decreases  more  and  more 
slowly  until  it  reaches  a  limit  at  1.6  N;   (b)  the  ion-fraction  of  the 
sodium  increases  with  increasing  salt  concentration  up  to  about  1,6 

N  where  it  reaches  a  limit  value  of    0.Q5  Na*  to  o.05  Sr**. 

3.  With  equivalent  mixtures  at  a  total  concentration  of  0.2  N 
the  value  of  Cc  increases  with  increase  of  temperature  between  15 
and  30°.       The  heat  of  the  reaction 

2  NaHgn  +  SrCl2  =  SrHgm-f-  2  NaCl  -f  (2  n  -  m)  Hg, 
as  determined  from  the  Van't  Hoff  equation  using  values  of  Cc  at 
15°,  20°,  25°  and  150°  is  about  4000  Cal. 

4.  In  solutions  of  fixed  total  concentration  the  ion-fractions 
of  the  two  metals  vary  in  the  direction  of  the  mol -fraction  variation 
of  the  salts  in  the  solution  but  not  in  -proportion. 

5.  The  change  in  the  degree  of  association  of  the  ~etals  with 
the  dilution  of  the  amalgams  with  mercury  is  much  more  rapid  in  the 
case  of  the  strontium  amalgam  than  in  the  case  of  the  sodium  amalgam 
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